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the G.E.C. ore bedding plant in the foreground. 
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Iron Ore Preparation Plant 


AT THE CORBY WORKS OF 
STEWARTS AND LLOYDS, LTD. 


By A. W. LEADBEATER, A.M.C.T., A.M.I.E.E., Stewarts and Lloyds, Ltd. 
and OLIVER THOMAS, Fraser & Chalmers Engineering Works. 


INTRODUCTION. 


HE preparation of iron ore for use in a 
blast furnace or sintering plant is of the 
greatest importance in order to ensure 

that the final product may be of a uniform and 
constant quality and, what is of equal import- 
ance, that maximum output may be secured at 
minimum cost. The reduction of the coke 
consumption per ton of ore treated is a further 
consideration. 

Such preparation is particularly necessary 
when the ores used vary considerably in chemical 
analysis and the moisture content, under certain 
conditions, is high and the material wet and very 
sticky. This is the case with the home ores used 
extensively in this country and almost exclusively 
at the Corby Works. 

Thus any equipment which is employed with 
an ore preparation plant and which embodies 
crushing, screening and handling plant must be 
capable of operating efficiently under extremely 
wide and diverse conditions. 

The intimate blending necessary was not 
easily obtained until 1939 with the introduction 
by Fraser & Chalmers Engineering Works, in 
conjunction with their associates, the Robins 
Company of America, of the Robins-Messiter 
system of bedding and blending at the South 
Bank Iron Works of the Appleby-Frodingham 
Steel Company. 

At these Works the complete success of the 
system which had behind it a long history of 
successful use in the blending of copper—for 
which purpose it was first introduced—together 
with its entirely satisfactory operation in modern 
steel works both in Germany and in the United 
States, persuaded Stewarts and Lloyds to adopt 
it for their extensive ore preparation plant at 
Corby. 

Events have amply justified this decision, and 
since the plant was put into commercial service 
over twelve months ago more than 2,000,000 
tons of ore have been processed with an improve- 


ment in furnace output, a reduction in coke 
consumption and general all-round efficiency in 
operation. 

It may be mentioned that the Robins-Messiter 
system can also be used with other bulk materials 
and that it is proposed to apply it on a large 
scale to the blending of coals for carbonising in 
a new by-product plant. 

The importance of feeding a constant and 
uniform blend of ores to the blast furnaces war- 
rants a detailed description of the system em- 
ployed and of the screening carried out in the 
ore preparation plant. 


THE ROBINS-MESSITER SYSTEM. 
The system consists essentially of two opera- 
tions : 
1. The bedding of the material. 
2. The reclaiming and, in so doing, the 
blending or mixing of the material. 


BEDDING. 


Bedding is the process of distributing or 
layering the ore in piles or beds in the shape of 
an inverted “VV”. As will be seen by reference 
to figs. 2 and 3 the beds are arranged in a space 
divided into four rectangular areas. ‘The piles 
are about 20 ft. high and 56 ft. wide with an angle 
of repose of the material of approximately 37°. 
The length of the bed is roughly 326 ft. and each 
contains 8,000/9,000 tons of bedded ore. 

The beds are formed by the use of a travelling 
wing tripper (figs. 1 and 4) which automatically 
traverses the length of the bed and deposits thin 
layers of ore, one above the other, from end to 
end of the pile. These layers, of which there are 
several hundreds, become progressively thinner 
as the surface area of the bed increases. Efficient 
and correct layering of the material is important, 
and while, for advantageous operation, individual 
layers should be made with a minimum of size 
segregation, the building up of the pile in the 
manner described ensures a proper mixture 
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upon reclaiming. Should there be any inefficient 
layering it is rectified during the reclaiming 
process which serves intimately to blend or mix 
the ore so bedded. This operation is performed 
by the Robins-Messiter reclaiming machine 
seen in fig. 5. 


Fig. |.—A travelling wing tripper building up an ore bed. 


RECLAIMING. 


Mixing has been well defined as follows : 
‘“* Mixing of two or more different materials 
existing either separately or in an unevenly 
mixed condition, consists in producing a con- 
dition wherein each particle of any one material 
lies as nearly adjacent as possible to a particle 
of each of the other materials.” 

A consideration of the operation of the 
Robins-Messiter reclaiming machine will show 
how well it meets these requirements. By 
removing, i.e. reclaiming, an equal quantity of 
ore simultaneously from all parts of the cross- 
section of the ore bed or pile, the resultant 
composite mixture is an accurate blending of 
such constant chemical analysis that variations 
are negligible. 

The reclaiming machine is essentially a 
travelling bridge, spanning the width of the ore 
bed, with a trench in which runs a belt conveyor 
on to which the plough conveyor of the reclaimer 
discharges. A triangular harrow, adjustable for 
slope, and covering the entire cross-section of 
the bed is mounted on the front of the bridge 
structure and is caused to move slowly but 
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powerfully back and forth across the face of the 
bed. The spacing of the harrow points, of 
which there are some four hundred, and the 
motion just described combine to dislodge the 
Ore continuously from the face. There is no 
sloughing from the face of the bed and only ore 
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dislodged by the harrow rolls down and is 
ultimately carried away by the plough conveyor. 
To assist in assuring an even flow the angle of 
inclination of the harrow is readily adjustable 
over a range of 36° to 72° from the horizontal. 
While the harrow is working the whole machine 
advances into the pile. 

The plough conveyor, which is aptly described 
by its name, is of special design and is suspended 
under the forward side of the bridge structure. 
Its flights have plough-shaped front-end exten- 
sions and operate in a steel trough with a nearly 
horizontal bottom plate and a vertical back plate. 
All material within reach of the flights is swept 
into the trough and is carried to the trench 
conveyor. One trench conveyor serves two 
piles ; it is therefore necessary for the plough 
conveyor to be made reversible. After a pile 
has been reclaimed the machine is withdrawn 
from the empty bed. 

A transfer car (fig. 7) which operates in a 
shallow pit at one end of the bedding area, is 
used to move the reclaiming machine from one 
pile to another. The reclaiming machine is run 
on to this transfer car which transports it to the 
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Fig. 2.—Plan of ore handling plant. 
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= SPEED: 75 f.p.m. Nominal (maximum available 130 f.p.m.) 
Capacity : 250 tons per hour, nominal 500 t.p.h. maximum. 
MATERIAL: Ore maximum size 3 ins. 

WEIGHT PER Cu. FT.: 75 Ibs. 

Morors: One for each running direction. 
45/80 h.p. at 405/720 r.p.m. 
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| HYDRAULIC JACKS 
\€ Cowes RAM: 7 in. diameter. | 
PAS STROKE : 3 in. in approximately 40 seconds. 
Turust: 37 tons each. 
WORKING PRESSURE : 1-05 tons per sq. in, 
Pump Motor: 3h.p. at 960 r.p.m. 
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DATA FOR REVERSIBLE WING TRIPPER 


Capacity : 600 tons per hour + 10 per cent Overload. 
MATERIAL: Ore, Maximum size 3 in. 
WEIGHT PER Cu. FT.: 75 !bs. loose, 106 Ibs. packed. 
TRIPPER TRAVEL: 50 and 75 ft. per minute, Automatic Reversible 40 h.p. motor. 
BEDDING CONVEYOR : 42 in. Wide Belt : Speed 300 f.p.m. 
Winc Conveyor: 42 in. Wide Belt : Speed 375 f.p.m. Reversible 10 h.p. motor. 


Fig. 2.—Plan of ore handling 
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Fig. 3.—General arrangement of ore handling plant—sectional view. 
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Fig. 4.—A wing tripper travelling on 16 ft. gauge rails. The illustration shows 


the main conveyor belt and the cables from which the D.C. power is collected. It 


required bed on to which it is run to carry out 
further reclaiming operations. 

The reclaiming capacity of the machine is 
under control and, while, hitherto, the maximum 
average reclaiming of similar ores has been at 
the rate of 250 tons an hour, at Corby this has 
been increased by general improvements in the 
machine to a figure as high as 500 tons an hour. 


CRUSHING, SCREENING AND CONVEYING. 

The general description of the complete plant 
which follows should be 
read in conjunction with 
the Flow Sheet shown in 
fig. 6. It will be seen 
that in its passage to the 
bedding piles the 
ore is, in. the first 
place, screened. After 
reclaiming and in 
order to ensure the most 
efficient separation be- 
tween the ore for use in 
the blast furnaces and 
that destined for the sin- 
tering plant, the mate- 
rial — either primarily 
screened coarse ore or 
primarily screened 
fine ore—is passed 
over Gyrex vibrating 
screens. In conjunction 
with the bedding 
and blending plant this 


results in products which 
are uniformly blended 
and efficiently divided 
as to size for their res- 
pective purposes. 

For the reasons already 
mentioned, screening of 
Northamptonshire ore is 
an extremely difficult pro- 
position, but by a com- 
bination of primary 
screening (fig. 8) and the 
final screening just men- 
tioned, entirely  satis- 
factory products are 
obtained. The final 
screening is carried out 
on Gyrex circle throw 
vibrating screens operat- 
ing with screen cloths 
heated by coke oven gas 
to prevent blinding. 
may conveniently 

be mentioned here that 
the entire plant, including the unloading of the 
ore wagons and the crushing machines was 
designed by Fraser & Chalmers Engineering 
Works in collaboration with engineers of Stewarts 
and Lloyds, Ltd. For convenience the plant up 
to the primary screening station was supplied 
under another contract ; the two 5 ft. 6 ins. 
Symons come crushers, however (fig. 9), 
were supplied by Fraser & Chalmers. The 
whole of the electrical equipment for the plant 
was manufactured by the G.E.C., with the ex- 


Fig. 5.—The Robins-Messiter reclaiming machine advancing into the ore pile. 
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ception of the distribution transformers, the car 
haul gear and the motors starred in Table 1. 

As stated, the ore used at Corby comes from 
a number of conveniently situated mines ; it 
varies in size from fines up to pieces approaching 
4 ft. by 3 ft. by 2 ft. and is loaded by means of 
large, high capacity excavators into steel wagons 
at the mine face. The wagons are made up into 
train loads and are delivered to the marshalling 


aay | 


= me 





Fig. 7.—Transfer car used to move the reclaiming machine from one pile A.21. 


to another. 


sidings adjacent to the crushing plant. From 
these sidings the wagons run by gravity to a 
special car haul shown as A.11 and A.12 on the 
Flow Sheet (fig 6). They are then hauled singly 
up an incline of 1 in 4 to the wagon tippler 
at the high level for discharge. The car haul is 
provided with a “ mule” which is hauled by a 
winch and travels up and down the incline. A 
lifting hook on the “mule” automatically 
engages with the axle of the wagon. At the high 
level the full wagon is inched forward and pushes 
the preceding empty wagon off the tippler plat- 
form from which it runs by gravity down a slope 
to a “ kick back” whence it returns under 
its OWN momentum to the empty wagon line. 

The wagon tippler (A.13) is of the side-dis- 
charge type and is fitted with weighing apparatus 
for recording the gross and tare weights of the 
wagons tipped. The working capacity of the 
tippler is 800 tons of ore an hour, operating on 
a 90-seconds cycle, so that 40 wagons an hour 
can be handled, each of 20 tons capacity. 

The contents of the wagons are discharged 
into a large steel hopper from which, by means of 
a Ross drop bar feeder (A.14) the ore is extracted 


at a definite rate and delivered to a 9-shaft 
grizzly screen (A.15) which takes out all material 
below 24 ins. and discharges the “ overs”’, or 
plus 2} ins. material, to a Hadfield 2-roll 
primary crusher (A.18). The crusher rolls 
are 5 ft. in diameter and are independently 
motor driven. This crusher reduces the 
material to approximately 6 ins. to 8 ins., the 
discharge being received on a 6-roll grizzly 
(A.17) the purpose of which is 
to take the impact of the mate- 
rial as delivered from the 
crusher which, together with 
the minus 2} ins. material 
received through the Ross 
drop bar feeder and the 9-roll 
grizzly screen, are brought to- 
gether by way of A.1, A.2 and 
A.16 for delivery to the belt 
feeder conveyor A.5. From 
A.5 the now crushed material, 
all of which is below 6 ins. or 
8 ins., is delivered by the con- 
veyor A.6 (fig. 10) at a rate of 
800 tons an hour, first to a 9- 
roll grizzly screen (A.10)which 
extracts the minus 24 ins. 
material and passes the plus 
2} ins. to 8 ins. material to 
the two secondary crushers 
These are Symons 

cone crushers, 5 ft. 6 ins. in 

size, and their function is 
to crush the material delivered to them to 
minus 2} ins. 

The whole of the material, both that which 
has passed through the crushers and the fines, 
that is, minus 23 ins., is delivered to the con- 
veyor B.1. It is, however, possible to receive 
the fines from the 9-roll grizzly screen (A.10) 
and to deliver it via conveyors A.9 and B.3 to 
conveyor B.2 where it joins up with the material 
delivered from the crushers to conveyor B.1. 

The conveyor B.2 has a maximum capacity of 
1,000 tons an hour. This is to take care of 
closed-circuiting with the 12-roll grizzly 
screen (B.4) which discharges its “ overs”, if 
required, to conveyor B.6 which delivers them 
via conveyors B.7 and B.8 back to the Symons 
cone crushers for recrushing. The capacity of 
the cone crushers is 1,000 tons an hour. 

The whole of the primary and secondary 
crushing plant is housed in a steel building some 
200 ft. long, 40 ft. wide and about 80 ft. high 
which is equipped with an overhead travelling 
gantry crane for maintenance and repairs. The 
12-roll grizzly screen (B.4) can handle a 
maximum feed of 1,000 tons an hour, the 
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Fig. 8.—Screening plant. 


“overs”, when necessary, being discharged 
into the closed circuit mentioned above. 

The “throughs”, or minus 2} ins., are 
delivered on conveyor B.5 to the primary 
screening station which 
consists of four cast-iron 
grooved rolls, each about 
4 ft. 6 ins. diameter and 
6 ft. wide; the grooves 
being of a size and shape 
to accommodate the minus 
? inch material for sinter- 
ing. Fig. 8 shows the 
general arrangement of 
these rolls which are placed 
one above the other at 
about 5 ft. 6 ins. vertical 
centres and 3 ft. 9 ins. 
horizontal centres so that 
the plus } inch material 
cascades over the top of 
the roll and falls just be- 
hind the centre of the fol- 
lowing roll, the minus } 
inch material collecting 
in the grooves on the 
rolls and being extracted 
therefrom by means of 
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comb scrapers. Each roll is separately motor 
driven. 

Of approximately 1,000 tons of ore an hour 
delivered to the primary screening rolls, some 
600 tons would be of a size of plus ? in. and 400 
tons minus # in. 

The screening plant is housed in a steel 
building with adequate platforms and stairways 
to give access to all parts. There is an overhead 
gantry crane for lifting any parts requiring 
maintenance or repairs. 

From what has gone before it will be seen 
that the material from the primary screening 
rolls is plus # in. and minus ? in. which can be 
delivered for blending either separately or 
together, as required. 

The conveying system following the primary 
screening rolls is designed so as to be extremely 
flexible and the material may thus be disposed 
of in any of the following ways : 

(1) The plus ? in. can be conveyed to, and 

distributed over, any blending pile. 

(2) It can be reclaimed from the blending 
piles and conveyed to the blast furnace 
ore bins. 

(3) The plus ? in. can also be conveyed directly 
from the primary screens to the furnace 
ore bins. 

(4) The minus ? in. can be conveyed to, and 
distributed over, any blending pile. 

(5) Itcan be reclaimed from the blending piles 
and conveyed to the sinter plant bins or 
taken directly to the furnace ore bins, as 
necessary. 





Fig. 9.—A view from above of the two 5 ft. 6 ins. Symons cone crushers. 
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(6) The minus ? in. can be conveyed directly 
from the screens to the sinter plant bins 
or to the furnace ore bins as necessary. 

(7) The whole of the crushed product, that is, 
24 ins. to nothing, can be conveyed 
directly to the furnace ore bins. 

The plant is so arranged that an intermediate 
troduct, # in. to 14 ins., can be produced if 
12quired in the future. Further, the conveying 
system can readily be extended for depositing 
screened material in sales bins. 


The plant is also laid out for the addition, if 
necessary, of a duplicate crushing plant as well 
es for the incorporation of a flue dust conveying 
system. 

Following the tabulation above of the various 
paths the material may follow on leaving the 
primary screening rolls, it is of interest to note 
the route taken by the conveyors subscribing to 
the distribution on (3), (6) and (7). 

(3) Conveyor C.5 discharges on to C.6 which, 

in turn, discharges to C.7, thence to E.5 and 
E.8 which deliver alternatively to E.9 or 
E.10 ; these again discharge respectively 
to E.11 and E.12 and thence 
via E.17, E.18, E.13, E.14, 
E.15, E.16 to the ore bins. 

(6) Conveyor C.1 discharges to 
conveyor C.2 and thence as 
for (3) above. 

(7) This will be a combination 
of routes (3) and (6). 


For depositing the plus ? inch 
material on the ore beds the follow- 
ing conveyors are employed: C.5 
on to D.1 which, being reversible, 
can deliver either to D.3 or D.4 
according to which wing tripper is 
in use. Alternatively C.5 can 
discharge on to D.2 which, also 
being reversible, can again deliver 
either to D.3 or D.4. 

For depositing the minus # in. 
on the ore beds the routes will be 
as follows: conveyors C.1l, C.2, 
C.3, C.4 and thence either D.1 or 
D.2, which, in turn, deliver either 
to D.3 or D.4. 

The conveyors D.3 and D.4 each 
serve one of the travelling wing 
trippers (figs. 3 and 4), the wings 
of which have a total span of ap- 
proximately 100 ft. and carry the 
reversible cross belt conveyors 
9.5 and D.6, enabling the pile 
m either side to be bedded as 

equired. 


The wing trippers are separately motor driven 
and run on rails of 16 ft. gauge. In the course 
of bedding they traverse the piles longitudinally 
at a speed varying between 50 and 75 ft. 
aminute. It will be seen that both trippers can 
be in operation at one time and can service 
adjoining piles. 

As already mentioned, reclaiming is carried 
out by the Robins-Messiter reclaimer. In the 
case of machine D.19 the blended material is 
discharged on to the tunnel conveyor D.7, and 
thence by way of conveyor D.16 either to E.1 
or E.2 as required. It then passes to E.3 or E.4 
which discharge to one or other of the 72 ins. by 
168 ins. Gyrex screens (E.6 or E.7), the “ overs ” 
being delivered to E.10 and the “ throughs ” to 
E.9 whence they pass directly to the bins as 
previously described. 


The material required for sampling is dis- 
charged by the conveyors E.11 and E.12 to 
E.17 and E.18. These conveyors are withdraw- 
able and for purposes of sampling are withdrawn 
for a definite period, enabling a 2-ton cut to 
be taken from the stream. The material goes 





Fig. 10.—Main conveyor belt (A.6) from the primary to the 
secondary crushers, driven through reduction gearing by the 70 h.p. 
motor seen on the left. This is a 415 volt, 3 phase, totally enclosed, 
pipe ventilated machine running at 720 r.p.m. 
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to the sampling plant which 1s arranged in two 
stages and comprises two crushers and two 
samplers. The first crusher (L.5) is a Larne 
roll crusher and is fed by the belt feeders L.3 
and L.4 from a bin of 2 tons capacity. This 
crusher furnishes a product of approximately 
; in. which it delivers to the first sampler L.6. 
The rejects from this sample are delivered to 
conveyor L.10 and find their way on to con- 


veyors E.3 and E.4. The sample retained is 
delivered by a chute to the second crusher L.7 
which reduces it to a size of approximately } in. 
The product of this crusher, which is a 2-roll 
type, is delivered to sampler L.9, the rejects being 
discharged on to the conveyor L.10 and thence 
to E.3 or E.4, the final sample being retained for 
treatment in the laboratory. The minus } in. 
when not required at the ore bins is delivered to 
the sintering bins by way of the conveyors F.1, 
F.2, F.3, F.4 and F-.5. 

From the primary screening rolls onwards the 
width of the conveyors throughout the plant is 
42 ins. and the speed about 300 ft./min. They 
are all motor driven through worm reduction 
gears. 

The troughing idlers are equipped with 
Timken roller bearings, the return idlers being of 
the modern rubber disc type not only on account 
of their excellent resistance to wear, but also 
because they completely overcome the trouble 
invariably experienced with plain tube return 
idlers, namely the building up thereon of 
adhering material. The use of rubber disc 





reens Substation. 
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idlers also reduces very considerably difficult s 
connected with training belts. 


ELECTRICAL EQUIPMENT. 


As the plant is electrically operated through- 
out it will be appreciated that the electric: 
equipment involved is extensive. The layout has 
been planned in the light of much experience i 
steelworks electrification and conforms to the 







best modern practice. A schematic diagram of 
the electrical system is seen in fig. 12. 


DISTRIBUTION. 


The power distribution scheme can _ be 
roughly divided into four sections: (a) the 
E.H.T. feed to the transformers, (6) crushing, 
(c) screening and (d) ore distribution. There 
are three substations: (1) the E.H.T. central 
substation which receives power at a 250 MVA 
duplicate busbar switchboard from an 11 kV 
ring main and from which radial 11 kV cable 
feeders supply stepdown transformers situated 
in the plant area; (2) the crusher substation 
and (3) the screens substation which houses 
the switchgear for both screens and ore distribu- 
tion. The Screens Substation is seen in fig. 11. 
On the left are two of the duplicate busbar truck 
cubicle boards supplying the distribution plant 
and the screens and bedding plant. At the end 
of the gangway, on the left, are the three 300 kW 
rectifier cubicles. The 15-panel group starter 
A.C. switchboard for the bedding plant motors 
is in right foreground; the 250 volt D.C. feeder 
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Fig. 12.—Schematic diagram of the electrical system. 
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CRUSHING PLANT. 
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Fig. 13 (left)—One of the 

control desks in the Crusher 

House. The Symons cone 

crushers are seen in the back- 
ground. 


Fig. 14 (below).—Three 300 

kW mercury arc rectifier 

cubicles in the Screens Sub- 
station. 





board faces the rectifier cubicles. 
All three substations are designed 
on similar lines, having a cable 
basement or cellar with interconnec- 
tion between substations by a suit- 
able trenching arrangement which 
accommodates the high tension 
cables between main and section 
substations as well as the low 
tension cables from the section 
substations to the plant. The high 
and low tension cables are kept 
separate from each other. 

Seven 11 kV, 3 core, -06 sq. in. 
paper insulated lead covered single 
wire armoured cables from the 
E.H.T. substation supply the seven 
transformers all of which are con- 
trolled from this substation. These 
cables are laid in hangers in a brick 
trench. 

The crusher substation supplies 
power to the wagon haulage and 
tippler, the primary roll crushers 
with their ancillary drop bar feeds 
and beits, the main conveyors be- 
tween sections, the secondary crush- 
ers and ancillary gear and, finally, to 
the conveyor feeding the screens. 

Power is received at this sub- 
Station at 11 kV and is stepped 
down to 3 kV by a 1,500 kVA 
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transformer and to 415 volts by a 1,000 kVA 
transformer. The 3 kV power supplies the four 
200 h.p. motors driving the primary and secon- 
dary crushers, also the Ward-Leonard motor- 
generator set which provides D.C. for the wagon 
haulage and tippler. 

Housed in this substation is a 4-panel truck 
type duplicate busbar switchboard which is sup- 
plied from the low tension transformer at 415 
volts. This board, in turn, supplies the main 
24-panel contactor board controlling the main 
conveyor belt motors and the ancillary gear on 
both crushers. The contactor board is remotely 








Fig. 1S (above).—1!0 h.p., 720 

r.p.m., 250 volt D.C. motor operat- 

ing the reversible cross belt con- 
veyor on the wing tripper. 


Fig. 16 (below).—A 27/40 h.p., 
480 720 r.p.m., 250 volt D.C. 
motor and control panel installed 
in the wing tripper. This motor 
operates the long travel of the 
tripper through suitable reduction 
gearing. 







































controlled from three desks in the crusher house 
conveniently situated for the operators whose 
duty it is to control the motors in the near 
vicinity (fig. 13). 

The duplicate busbar provides a means of 
interconnection with the screens substation so 
as to guard against the failure of any of the low 
tension transformers. 

The screens substation is a two-storey building 
with a cable basement from which a cable tunnel 
runs to the bedding tunnels and connects also 
with the main screens house. The substation 
houses five transformers, two 1,000 kVA, 11 
kV /415 volts and three 300 kW mercury arc 
rectifier transformers. | 

On the ground floor is installed the heavy 
switchgear which includes two separate duplicate 
busbar truck boards for the 415 volt power, 
three 300 kW rectifiers with a D.C. switchboard 
controlling the rectifiers and D.C. feeder circuits, 
also the main contactor board controlling the con- 
veyor belts in the screens and bedding areas. The 
three rectifier cubicles are seen in fig. 14. On the 
second floor are installed the contactor panels 
which control the reclaiming belt conveyor and 
part distribution, together with the D.C. plural 
starter boards for the screens. 

One of the truck boards, known as the screens 
L.T. board, supplies three contactor boards : 
the bedding starter board, the lighting and the 
screens starter boards. The second truck board 
which handles the low tension distribution also 
feeds three contactor boards, namely, the dis- 
tribution starter board, the high line bins and 
the raw mix bins. The last two boards are 
situated in other buildings close to the motors 
which they control. 














ise 
se 
ar 














MOTOR DRIVES. 

Reference to Table 1 shows that the great 
majority of drives is by means of A.C. motors of 
both the slipring and squirrel cage types. The 
belt conveyors are all operated by A.C. machines 
running on a 415 volt, 3 phase, 50 cycle supply. 
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The wing trippers and the reclaiming machines 
are also operated throughout by a considerable 
number of D.C. machines of varying capacities 
and, here again, speed control is available wher- 
ever needed. Each of the wing trippers employs 
two compound wound D.C. motors, ome, a 
10 h.p. machine driving the 
reversible cross belt conveyor 
(fig. 15) which travels with it 
and is part of the machine, 
the other, rated at 27/40 h.p. 
(fig. 16), for the long travel 
motion, which drives the mach- 
ine along the full length of 
the ore bed and reverses auto- 
matically at each end. 

The action of the reclaiming 
machines has already been de- 
scribed in detail, and from this 
it will be evident that they are 
considerably more intricate 
machines. The requisite drives 
include a slow-speed travel, a 
fast-speed travel, a harrow drive 
and hoist, a plough double 
drive, jacking pumps and so 
forth, as can be seen by refer- 
ence to the table of motors 
which also gives details of the 
multiplicity of D.C. motors of 


Fig. 17.—D.C. motors mounted in the reclaiming machine. various ratings which are em- 


The primary and secondary crushers are driven 
by 3-3 kV slipring motors. The main exceptions 
are the wing trippers and their associated equip- 
ment, the car haul and wagon tippler, and the 
transfer cars, all of which are operated by D.C. 
motors. The main roll screens are also driven 
by D.C. motors. 

The use of D.C. power was decided upon 
Owing to the necessity of providing for speed 
control on some of the machines. The supply 
is at 250 volts and is derived from the three 
300 kW rectifiers mentioned above. A case in 
point is the main roll screens which are situated 
in tandem and deal with the ore individually 
during screening. These screens are driven by 
56/75/95 h.p. compound wound D.C. motors 
having a speed range 700/950/1,200 r.p.m. which 
gives a peripheral roll speed of 150 to 250 ft. 
min. A system of plural starting is employed 
with these four motors all of which are started 
from a single common panel and resistance. 
The bottom roll is started first and, when up to 
speed, automatically transposes the starter to the 
next motor and so on until all the rolls are 
running. 


ployed (fig. 17). The transfer 

cars are also D.C. operated, each 
being driven by 15 h.p. series motor. The only 
other D.C. driven equipment is the car haul and 
wagon tippler which take their supply from a 
motor-generator set. 


SEQUENCE INTERLOCKING CONTROL. 


In an extensive plant of this type it is obvious 
that the conveyor system is of major importance 
and, as in all such installations involving a great 
number of conveyors, sequence interlocking is 
imperative. At Corby this is an essential feature 
of the scheme. As an indication of what is 
involved it is of interest to mention that nearly 
15,000 ft. of belting is used and that the con- 
veyors operate at many different speeds. The 
timing of every phase is thus most important, 
for with the primary crusher delivering 800 tons 
of ore an hour, an accident to a belt or any other 
piece of equipment further along the line would 
quickly result in serious choking of crushers, 
screens and conveyors if there were no system 
of sequence control. 

It should be noted, however, that there is no 
need for sequence control between the wing 
trippers and the reclaimers, since the bedding 
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and reclaiming operations are entirely inde- 
pendent. So long as there is material on the 
beds the reclaimers can continue the work of 
reclaiming irrespective of the earlier processes. 
But sequence control is, of course, again neces- 
sary beyond the reclaimers. 

The method of starting up the plant will now 
be considered. From what has gone before it 
will be apparent that the plant is divided into 
groups of machinery and conveyors and for each 
group a control desk is allocated, these desks 
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Fig. 18.—Remote control desks in the Screens House. The desk on the left 
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different sections: for instance, the bedding, 
screening and crushing plant are on one sequence 
and the distribution and reclaiming on a 
separate sequence. This means, that to start 
up the crushing plant, it is first necessary to 
start the wing tripper, then the conveyors in 
proper sequence back to the roll screens, then 
the conveyors to the secondary crushers, the 
secondary crushers themselves, then, again, the 
conveyors and finally the primary crushers. In- 
terconnected in the sequence are the oil lubrica- 





controls the screens, that on the right the bedding and reclaiming plant. 


being so placed that the operator in charge of 
each has as clear a view as possible of the plant 
under his control. The desks each embody 
mimic diagrams of their particular sections with 
push buttons and indicating lights which enable 
the operators to see at once how much and what 
part of their plant is running (fig. 18). Provision 
is made to indicate the completion of the starting 
sequence on the previous desk. 

In addition it was considered necessary that a 
senior operator at a control centre should have 
before him a picture of the whole scheme, with 
means of communicating with all parts of the 
plant. This is provided by a complete mimic 
diagram in the central control room with tele- 
phonic communication with each individual desk. 
Thus while each operator has an instantaneous 
and accurate picture of his own section, all these 
are duplicated at the control centre for the infor- 
mation of the senior operator (fig. 23). 

By virtue of the sequence interlocking the 
whole scheme can be, and usually is, run as two 


tion pumps to the secondary and primary 
crushers. 

It should be added that the electrical inter- 
locking is so arranged that the correct sequence 
must be adhered to and while, for example, the 
operator is starting up his bedding section, the 
man in charge of the secondary crusher must 
wait until his signal lamp indicates before he 
can obtain a response from his start buttons. 
This applies throughout the entire sequence. 
Similarly, if any belt trips out or is stopped, all 
preceding belts stop immediately, thus ensuring 
that the material does not pile up. 

The necessity for sequence operation dictated, 
to some extent, the layout, in that, so far as 
possible, individual contactor starting panels 
have been lined up together as one board. In 
this way interlocking between panels is simplified 
and long interlocking leads between panels 
avoided. Further, the panels can thus be housed 
in a comparatively dust-free atmosphere. It 
was not in every case economical to follow this 
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policy since certain belts are driven by 120 h.p. 
slipring motors and a local starting cubicle to 
operate the rotor resistances was installed. The 
stators, however, are still controlled from the 
main board and allow easy sequence control. 

All the low tension A.C. motors above 10 h.p. 
are slipring machines and while this necessitates 
running the rotor leads back to the grouped 
starting panels, the advantages to be gained from 
their being situated in a clean atmosphere 
justify the policy. Exceptions occur on the 
distribution section where long runs from the 
main substations have to be dealt with. In 
these cases the panels are grouped together and 
accommodated in a suitable central position in 
the plant. 

Although the motors are remotely controlled, 
each is provided with an isolating switch in its 
immediate vicinity, so that if any repairs or 
maintenance have to be undertaken they can be 
performed with the full knowledge that the 
machine is perfectly safe to work on. An 
auxiliary switch is fitted to the isolator which 
trips out the main contactor so that the isolator 
cannot accidentally be opened on load. 

Complete earthings of all motors and switch- 
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“ig. 19.—A cable run in the Distribution House, showing 
he manner of clearing the gangway at the side of the 
conveyor. 
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gear is provided by a 1 inch by }$ inch copper 
earthing strip running throughout the plant. 


CABLES. 

The cabling at this plant, which was supplied 
and laid by Pirelli-General Cable Works, Ltd., 
constitutes a most important part of the installa- 
tion, over 20 miles of cable having been laid. 
Almost all of it is paper insulated, lead covered 
and wire armoured, the sizes ranging from small 
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Fig. 20.—Cables from the Distribution Starter Board in 
the Screens Substation carried on a tray slung from the 
roof. 


multi-core telephone cables to the 0-5 sq. in. 34 
core low tension and the 0-06 sq. in. 11 kV cables. 

The cable trench from the 11 KV station 
connects all the substation cable basements. It 
is built with a concrete base and brick walls with 
reinforced slab covers. Cable racks on the 
trench walls allow easy manipulation of the 
cables for any repairs that may be necessary. 
The basements in the various substations are 
designed to allow extensive use of racks with 
ample room for marshalling the cables before 
running them through the trenches or bedding 
tunnels to the remote switchboards. 

In the layout of the cable routes considerable 
care had to be taken to ensure that the gangways 
and conveyors were kept clear. Fig. 19 illus- 

















Fig. 21.—The cable tunnel beneath the Screens Substation. 


trates a run in the distribution house showing a 
gangway at the side of a conveyor which had 
to be kept unobstructed. A novel type of cable 
hanger is used beneath the contactor board in the 
crusher substation. The hangers are con- 
structed entirely of steel tubes as adequate 
supplies of flat mild steel were unobtainable. 
The whole structure for mounting the tubular 
racks is also made up of tube, welded and 
fabricated on site, which provides an entirely 
satisfactory form of racking which is remarkably 
neat. 

The cabling for the distribution starter board 
is also of interest. The 
cables are led to the end 
of the building on a tray 
slung beneath the board 
from underneath the roof 
thus keeping them clear 
of the cables from the 
screens starter board. 
Fig. 20 shows the end 
of the tray with all the 
cables in racks leading 
to the basement. From 
the basement of the 
screens substation the 
cables drop down into 
the cable tunnel shown 
in fig. 21. In here are 
the cables for the screens, 
bedding and part of the 
ore distribution, the total 
number of cables in this 
tunnel amounting to one 
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hundred and thirty-one. 
The same cables emerg- 
ing from the end of the 
tunnel and entering the 
cross tunnel D.1 and D.2 
in three-tier racks are 
seen in fig. 22. 

Mention has already 
been made of the local 
isolating switches which 
are fitted to the indivi- 
dual motors. The con- 
nections in this case are 
P.I.L.C.S.W.A. cable to 
the switch and _ single 
V.ILR. tails in flexible 
conduit from the switch to 
the stator terminals, thus 
enabling the motors to be 
disconnected very easily. 

On all isolating switches 
and at frequent intervals 
along all the conveyor 
belts “stop”’ push buttons are provided, wired 
in series with the hold-on coil of the contactor. 
For these connections a very considerable 
amount of 2 core -0045 sq. inch P.I.L.C.S.W.A. 
cable was employed. 


COMMUNICATIONS. 


To ensure efficient operation of the plant under 
all circumstances a comprehensive system of 
communications has been devised and installed 
whereby the senior operator in charge at the cen- 
tral control room can at once get into touch with 
the various regional operators and also with the 





Fig. 22.—The cables seen in the previous illustration emerging from the end of 
the tunnel into the cross tunnel D.! and D.2, in three-tier racks. 
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men in charge of the wing trippers and reclaiming 
machines. The system includes a frequency 
modulated V.H.F. telephone installation, an 
ordinary wired telephone service and public 
address equipment comprising a central control 
board and a large number of loudspeakers dis- 
posed throughout the plant. 


RADIO TELEPHONE EQUIPMENT. 


This equipment serves to provide telephonic 
communication between the central control 
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and cables. Tests were then carried out with 
frequency modulated V.H.F. equipment so as 
to provide a radio link between the various 
points with which it was desired to establish 
communication. The results were in every way 
satisfactory and this method was accordingly 
adopted. There is thus direct radio telephone 
communication, with selective calling, between 
the central control room and any of the four 
mobile machines on the ore beds, over a distance 
of approximately 200 yards. 























Fig. 23.—The control desk in the central control room. The V.H.F. cabinet and 
instrument are mounted on top of the 50-line exchange of the wired telephone 
system. On the wall may be seen the mimic diagram indicating the flow of material. 


room (fig. 23) and the wing trippers and re- 
claiming machines. 

In the early stages a great deal of study was 
given to the problem of how best to obtain a 








satisfactory means of communication with these 
machines which are continually in motion on 
the ore beds. Three different methods were 
considered : power lines, land lines and a radio 
link. The possibility of carrying messages over 
the power lines was investigated, the idea being 
to inject or superimpose the signals on the power 
lines from which they could be picked up by 
moving contacts. In practice this proved most 
unsatisfactory as the collectors engendered an 
excessive amount of noise. The use of land 
lines was also ruled out owing to the trouble, 
expense and costly maintenance of reeling drums 


The installation is housed in a 2 ft. cabinet in 
the control room and comprises a 10 watt 
frequency modulated V.H.F. equipment con- 
sisting of a transmitter/receiver, control panel 
and selective calling unit. Control and com- 
munication are carried out from a desk type 
telephone instrument with a dial for selective 
calling. The instrument is coloured red to 
distinguish it from the ordinary telephone. The 
aerial is fitted on a 26 ft. mast on the top of the 
Crushing House adjacent to the control room. 

Each of the four mobile machines has a 
10 watt unit comprising a transmitter/receiver 
with selective reception (fig. 24). There is a 
desk type telephone with an indicator lamp to 
show when the link is engaged. As the only 
supply on these machines is 250 volts D.C., 








126 G.E.C. JOURNAL 


rotary converters are employed to give the 
requisite 230 volt 50 cycle current. 

Some trouble was experienced due to the 
noise and vibration on the mobile machines, but 
this was overcome by the use of a bell in addi- 
tion to the normal calling speaker. The equip- 
ment itself is carried on an anti-vibration 
mounting. The aerials are situated on the roofs 
of the machines. 

The equipment is designed for “ Simplex ” 
operation on a frequency of 87-425 Mc/s with 
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Fig. 24.—An operator in the reclaiming machine com- 
municating with the central control room by means of 
the V.H.F. radio. The rotary converter supplying the 
A.C. power is seen directly underneath the unit. 


impulse selective calling. It differs slightly 
from normal telephone working in that alternate 
transmission and reception is used. The well- 
known “ over-to-you’”’ procedure is followed 
with a “ press-to-speak’”’ switch incorporated 
in the handset. 

Selective calling 1s obtained by means of an 
audio oscillator and relay unit to modulate the 
transmitter carrier wave with an audio tone 
pulsed by the dial contacts. The number of 
pulses corresponds to the digit dialled, and these 
when received at the mobile machines step a 
uniselector in the selective receiving unit in 
accordance with the code transmitted. 

When the control room calls a mobile station, 
the operator lifts the handset and operates the 
‘* press-to-speak ” switch which switches on the 
transmitter. The carrier wave will then operate 
a relay in each mobile station, locking them 
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out until the operator has dialled the required 
number. The bell will ring in the wanted 
station. As soon as the carrier is switched off 
the bell will cease, but the indicator lamp will 
remain on, showing that a call has been made. 
When the operator lifts his handset the light 
will be extinguished. 

When a mobile station wishes to call the 
control room, the operator first looks to see 
that the indicator is not showing engaged ; he 
can then call Control, without dialling, by merely 
operating the “ press-to-speak”’. switch under 
his hand. 


TELEPHONE SYSTEM. 

A direct operating, heavy duty, wired tele- 
phone system is installed which covers the 
requirements of the whole site. Through a 
50-line manual exchange in the central control 
room (fig. 23), direct communication can be 
established between all key points such as the 
blast furnace manager’s office, the raw mix bin 
and tippler level. At these and other similar 
positions there are instruments of a type specially 
selected to meet the conditions in which they are 
required to work. Specially designed panels 
with hand microphone transmitters are provided 
as an integral part of the control desks. 

It is a feature of the whole system that it is of 
the anti-side-tone type which has the inherent 
advantage of eliminating local noises. Further, 
the use of power type microphones with differen- 
tial speech transformers gives high volume of 
received speech and, in many cases, local 
loudspeaker reception. With the exception 
of those for office use, all instruments are 
metalclad ; a weatherproof type is provided for 
outdoor use. 

The system operates on its own 24 volt D.C. 
supply derived from nickel-iron batteries which 
are kept charged by a suitable unit embodying 
a metal rectifier fed from one phase of a three- 
phase 415 volt, 50 cycle A.C. supply. 


PUBLIC ADDRESS EQUIPMENT. 


Where a large number of employees, scattered 
throughout the plant, are engaged on a con- 
tinuous manufacturing process, it is essential to 
have a system of central control in order to 
co-ordinate the work of the various groups. 
Very careful consideration was given to the ques- 
tion of the best way of achieving this so as to 
enable the man in charge of operation to maintain 
maximum output while retaining complete 
control in the event of an emergency. Many 
schemes were investigated, but eventually a 
sound installation was adopted as bemg the only 
satisfactory system of passing instructions to 
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Fig. 25.—General illumination in the Crusher House showing the disposition of the high-bay units. 
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men whose work keeps them continually on the 
move. 

Mounted in close proximity to the control 
room is a 300 watt amplifier comprising two 
150 watt output panels and embodying a monitor 
speaker, priority input panel, neon output 
indicator and power supply panel. There is 
also a tone oscillator giving a replica of 
the B.B.C. six-pip time signal, which can 
be automatically radiated on all loudspeaker 
circuits. 

Through a microphone on the desk before him 
the controller can speak over any or all circuits. 
Two types of loudspeaker are employed : a 42 
inch exponential horn loudspeaker for the out- 
door sites where a high noise level prevails, and 
an industrial type for the underground tunnels 
through which travel the ore belt conveyors. The 
latter loudspeakers are enclosed in metal drum 
containers with gauze protection for the front and 
rear apertures. Two of these loudspeakers, sus- 
pended from the overhead beams, can be seen in 
fig. 26. There are four circuits in all : two of 
them are allocated to the underground tunnels, a 
third covers the wagon tippler and rail car haul, 
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Fig. 26.—An underground conveyor illuminated by bulkhead fittings on the roof of 
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LIGHTING. 


In the Crusher House there are 45 lighting 
units, in each of which 1,000 watt lamps are 
used, mounted at a height of 70 ft. from the 
floor level and giving an overall illumination of 
9 lumens per sq. ft. (fig. 25). The fitting is a 
high-bay unit of spun aluminium alloy having a 
specially polished interior and being particularly 
suitable in situations where the mounting height 
is considerable in comparison with the area to be 
illuminated. It is rendered dustproof by the 
use of a glass cover while the top is of the heavy 
duty detachable type. The reflectors are fitted to 
the sides of the steel work in the roof in such a 
position that the necessary clearance is obtained 
and, at the same time, they can readily be 
serviced from the crane. 

In the Screens House, also, the height of the 
building demanded the use of the same high-bay 
units as installed in the Crusher House. The in- 
tensity of lighting is 8/9 lumens/sq. ft., although 
the structure of this building made it necessary 
to use a number of supplementary units to light 
the various platforms. 

To ensure the maximum lighting efficiency at 


the tunnel. Two loudspeakers are seen mounted on the overhead beams. 


the fourth provides communication with the 
workers in the neighbourhood of the Distribution 
Station and numbers 1-3 sinter bins. In this 
way it is a simple matter for the controller to 
issue instructions to, and locate, workers dis- 
persed over a wide area, and to keep in touch 
with the progress of the various groups. 


the raw mix bins, enclosed fittings are essential. 
Accordingly, prismatic bulkhead units were 
fitted on the side walls, mounted in positions 
readily accessible for cleaning, and so sited as to 
provide adequate lighting both on the gangways 
and conveyors. On the top floor there are a 
number of totally enclosed, screw-neck well- 
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zlass fittings down the centre of the building 
to provide a small amount of general illumination. 

The main lighting fittings in the various 
substations are placed above the gangways be- 
tween the switchboards (fig. 11). Vitreous enam- 
elled dispersive reflectors are used with clear glass 
dustproof visors. In a number of cases there 
are bulkhead fittings on the wall at the back of 
the panels. In the cable chambers below the sub- 
stations, prismatic bulkhead fittings are used. 
The service intensity in all substations is 8/10 
lumens /sq. ft. 

To ensure easy inspection of the conveyor 
belts during operation, totally enclosed bulkhead 
fittings are mounted on the side walls of the 
conveyor housings and also in the chamber below 
the main floor of the Crusher House at the feed- 
ing points to the conveyors (fig. 26). Similar 
units are installed in the junction towers and 
drive houses, together with a number of vitreous 
enamelled steel dispersive reflectors. 

For the main marshalling yards a scheme of 
floodlighting is installed using 1,000 watt Osram 
general service lamps in heavy duty projectors, 
mounted on steel columns at a height of about 
40 ft. The columns at the bridge are near the 
supporting piers, the others are, so far as possible, 
at the side of the tracks, so as to avoid causing 
any obstruction. In the central positions, 
however, where two floodlights are mounted on 
one pole, it is necessary to place them between 
tracks, but positions have been chosen where 
the tracks are sufficiently far apart to minimise 
any obstruction. Besides this general lighting 
of the tracks, a floodlight is mounted on top of 
the Crusher House to illuminate the car haul. 
Five floodlights of a similar pattern to those 
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used on the siding provide general illumination 
over the whole area of the ore bedding plant. 
Three are mounted on top of the Screens House 
and two on steel poles. Additional local illumina- 
tion is provided by heavy duty floodlights 
mounted on the wing trippers and reclaiming 
machines. The various reclaimer conveyor 
tunnels between the ore beds are lit by a number 
of 60 watt bulkhead fittings fixed either to the 
side walls or, in the case of the open top tunnels, 
in the angle between the wall and the overhanging 
top. 

400 watt Osram mercury vapour electric dis- 
charge lamps provide suitable illumination along 
the various roadways giving access to the plant. 
The lamps are installed in pendant lanterns fitted 
with raising and lowering gear for ease in main- 
tenance, and are mounted on columns which 
have accommodation in the base for the necessary 
auxiliary gear. 
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Frequency Correction of Electric Signalling 


Power Supplies 


A DESCRIPTION OF INSTALLATIONS ON THE BRITISH RAILWAYS, 


SOUTHERN REGION 


By E. FRIEDLANDER, Dr. ING., M.I.E.E., Consulting Electrical Engineer, Witton EngineeringWorks, 
and R. A. DUNCAN, G.M., B.Sc., A.M.I.E.E., formerly British Railways, Southern Region. 


INTRODUCTION. 
| HE variations of net- 
4 work frequency which 
occur under the pre- 
sent conditions of scarcity of 
generating plant can cause 
difficulties in the operation 
of certain types of electrical 
equipment. Devices. de- 
signed to take advantage of 
electrical resonance are, of 
course, particularly suscep- 
tible to variations in supply 
frequency. 
A typical example of fre- 
quency sensitive equipment 





Unavoidable variations in the 
supply frequency during peak load 
periods, due to shortage of generat- 
ing plant, interfere with the opera- 
tion of apparatus which takes 
advantage of electrical resonance. 

In this article, the authors 
describe how this difficulty has been 
overcome on the Southern Region 
of the British Railways where A.C. 
track circuit signalling apparatus 
is sensitive to deviation from the 
normal frequency, and explain fully 
the manner in which the frequency 
corrector and its associated equip- 
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anticipated at any one 
site. 

The correctors to be 
installed in unattended 
substations and to be 
capable of being op- 
erated either by super- 
visory control or by 
local hand control. An 
efficient scheme of auto- 
matic operation and 
protection had, there- 
fore, to be devised. 
Voltage control appar- 
atus was not specified 
initially, since the char- 








is the A.C. track circuit 
signalling apparatus used on 


ment function. 





acteristic of the 
correction equipment 








certain parts of the Southern 

Region system of the British Railways, and in 
order to overcome the difficulties caused by 
frequency variations, the railway authorities 
decided to install a number of equipments for 
correcting the frequency of the signalling supply. 

The design for a frequency corrector proposed 

by the G.E.C. was accepted and an order for ten 
sets was placed. 

The main requirements of these frequency 

correctors were as follows : 

a) Maximum output to be 10 kVA, 0-8 p.f., 
440 volts, single phase, A.C. at a fre- 
quency of 50 c/s 0-5 c/s. 

6b) This output frequency to be maintained 
within the prescribed limits, notwith- 
Standing variations in the supply network 
frequency from 47-5 to 51-5 as. 

c) The load on each corrector to be different 
but little or no fluctuation of load to be 


is such as to give an 
increase in output voltage when maximum 
frequency boost is being applied, and 
this will occur when the network fre- 
quency and voltage are low. 

The apparatus developed for these require- 
ments makes use of the well-known relation- 
ship between the frequency in the stator and 
rotor of an induction machine, the rotor fre- 
quency of which is proportional to the relative 
speeds of the rotor and the revolving magnetic 
field in the stator. 

The equipment includes an induction machine 
with a 3 phase wound stator and a single phase 
wound rotor, held stationary by an electro- 
magnetic brake, or driven at varying speeds and 
in either direction by one or other of two double 
wound geared motors. The control gear com- 
prises a frequency relay, a cam disc controller 
and the necessary contactors. 
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THE FREQUENCY CORRECTOR. 

The stator winding of the corrector is fed 
from the main variable frequency supply net- 
work. . It produces a rotating field as in an 
ordinary induction motor. With the 4-pole 
design chosen, this field rotates at 1,500 r.p.m. 
when supplied with power at 50 c/s. The rotor 
of the machine has the same number of poles 
as the stator, but is single phase wound, since 
a single phase load has to be supplied. The 
rotor winding is brought out to two sliprings 
to which the load circuits can be connected. 

When the rotor is stationary the machine 
acts as a simple transformer and the input volt- 
age at the supply frequency is transformed into 
an output voltage at the same frequency. The 
action is identical with that which produces the 
open circuit slipring voltage in an induction 
motor at standstill. However, the presence of a 
load on the rotor sliprings makes it necessary 
to hold the rotor stationary by some means, such 
as an electro-magnetic brake which can be re- 
leased when required. 

Now, if the rotor revolves in the same direc- 
tion as the rotating field of the stator, the relative 
speed between the field and the rotor conductors 
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Fig. |.— Scheme of frequency corrector control. 








will be reduced so that a lower frequency is 
obtained across the sliprings. In this case, the 
frequency corrector acts as a motor, so that the 
driving motor will regenerate that amount of 
power which is available after the deduction of 
mechanical losses in the gearing, etc. In the 
opposite case, when the rotor is driven against 
the rotation of the revolving field, additional 
power is needed which is provided by the driv- 
ing motor. For the degree of frequency correc- 
tion required, the speed at which the corrector 
has to be driven is only a small fraction of its 
synchronous speed and the power involved in 
moving it is correspondingly small. 


CHOICE OF DRIVING MECHANISM. 


Since the maximum reduction in frequency 
to be corrected is 2} c/s and the permissible 
error + 4 c/s, it is obvious that four equal 
steps are sufficient to raise the frequency. 
Similarly only two steps are needed to lower 
the frequency. These considerations make 
it unnecessary to use variable speed commu- 
tator motors for driving the frequency corrector 
or to employ infinitely variable speed control 
gear. 

The permissible frequency range being speci- 
fied as 50 c/s +- $ c/s made it possible for the 
corrector to be held stationary for the greater 
part of the time. This permits of a high “ all- 
day ” efficiency being attained. 

Two different methods of driving the fre- 
quency corrector were considered. In the first 
it would have been possible to rotate both the 
stator and rotor, and each would have been 
equipped with an individual reversible driving 
motor and brake mechanism or with a worm gear 
drive. If the speed ratio between the driven 
speeds of the rotor and stator had been chosen 
as 1:3, the speed-steps required would have 
been obtainable with a minimum of motor control 
contactors. However, as this method would 
have involved the construction of an unconven- 
tional stator, preference was given to the solu- 
tion shown in the top left-hand corner of fig. 1. 
It will be seen that four speeds are obtained by 
driving the rotor through suitable spur gears 
from one or other of the two double wound 
induction motors. One motor is arranged to 
cover the speed ratio | : 3, 1.e. 500 r.p.m./1,500 
r.p.m., and the other the ratio 1:2, 1.e. 750 
r.p.m./1,500 r.p.m. The actual arrangement is 
designed so that a difference of 0-55 c/s is obtained 
between adjacent steps. It will be seen that, 
with four steps of 0-55 c/s each, a maximum 
correction of 2:2 c/s is obtainable. With 
a network frequency of 47:5 c/s correction to 
49-7 c/s can thus be made. The degree of 
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correction is well within the specified limits of 

0-5 c/s and leaves sufficient margin for the 
necessary insensitivity of response to be pro- 
vided in the controlling relay. Fig. 1 shows the 
gear ratios selected which include a correction 
for the slip in the asynchronous driving motors. 
The general appearance of the equipment is 
seen in fig. 2, the frequency corrector being seen 
in the background and the driving motors in 
front. 


SWITCHING MECHANISM. 


The two double wound driving motors may be 
considered as four independent motors, two of 
which (500 r.p.m. and 750 r.p.m.) are provided 
with reversing contactors for driving in either 
direction, and two (both 1,500 r.p.m.) with 
single contactors, since the higher speeds are 
needed only for raising the frequency. Besides 
the six motor contactors thus required, there is 
an additional one for the brake. These seven 
contactors are operated through a cam disc 
controller shown schematically at the bottom of 
fig. 1. 

The sequence of contacts on the cam disc 
controller is arranged so that never less than one 
or more than two contacts go into an operating 
position at any one time, and interlock contacts 
on the main step contactors themselves prevent 
two contactors being operated simultaneously. 
It will be assumed that the contactors belonging 
to successive steps are given numbers starting 
with no. 1 for lowering the frequency by two 
steps, no. 3 for standstill and no. 7 for the 
highest boosting frequency. If, then, the cam 
disc controller tends to energise two contactors 
at the same time, the one having the lower 





Fig. 2.—Frequency corrector with spur gear and driving motors. 
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number is made inoperative by an auxiliary 
contact on the one with the next higher number. 
For instance, if the cam disc controller closes 
the normally open contact 2 and opens the 
normally closed contact 3 at the same time, as 
shown in fig. 1, contact 2 is made ineffective 
by the auxiliary contact on contactor 3 so that 
only contact 3 is actually operative. Contactor 
3 is the one which, when it is de-energised, 
applies the brake. Its corresponding contact on 
the cam disc controller is normally closed. The 
auxiliary contact on contactor 4, which is neces- 
sary to make contact 3 on the cam disc controller 
ineffective, is a normally open contact which 
is, in this case, connected in parallel with con- 





Fig. 3.—Cam disc controller. 


tact 3 on the cam disc controller. In all other 
cases the auxiliary contacts are normally closed 
and connected in series with the normally open 
contacts on the cam disc controller. If, now, 
the cam disc controller moves forward to a posi- 
tion in which 3 alone is energised, nothing will 
occur. However, as soon as contactor 4 becomes 
operative it will at the same time make the open- 
ing of contact 3 on the cam disc 
controller ineffective, i.e. it will, in 
this case, lift the brake, and so on. 

None of these contactors is ener- 
gised if the frequency is near to normal, 
with the exception of the main control 
circuit contactor shown as no. 8 in 
fig. 1. The cam disc controller also 
includes the end stop contacts for 
its own motor which are numbered 
9 and 10. 

The cam disc controller which has 
been developed for these duties 1s 
shown in fig. 3. It consists of a 
motor driven camshaft which moves 
a series of mercury contacts. The 
reason for the use of mercury contacts 
in the present case is that they are 
sealed and their movement is auto- 
matically equivalent to a snap action 
which makes it impossible to have an 
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Fig. 4.—Frequency relay with cover removed. 


uncertain contact no matter how slowly the 
motor operates the switches. The single phase 
motor which drives the controller is of the split 
phase induction type and is therefore also devoid 
of.any contacts exposed to deterioration. The 
speed of the controller is chosen to give a change 
of step every 24 seconds if the control motor is 
continuously energised. 

REQUIREMENTS FOR THE CONTROL 

ELEMENT. 

The frequency relay which is connected to the 
output terminals of the corrector (fig. 1) is used 
to measure and control the output frequency. 
When this frequency is within the specified 
limits the moving arm of the relay must be in a 
central or neutral position. The variation be- 
tween the upper and lowér limits of frequency 
at which the relay operates must be greater than 
the alteration in frequency caused by the change 
in speed of the corrector corresponding to one 
step, otherwise hunting will occur. 

If the output frequency falls below or rises 
above the specified limits, the moving arm of the 
frequency relay causes one or the other pair of 
contacts on the relay to be closed, and the cam 
disc controller operates until the output fre- 
quency is brought within the specified limits. 
When this occurs, the moving arm of the fre- 
quency relay returns to a neutral position and the 
cam disc controller ceases to move. Each step 
of alteration in the speed of the corrector gives 
a change of 0-55 c/s. It was therefore arranged 
that the frequency relay should operate at 
ipproximately 0-4 c/s from the nominal 


frequency of 50 c/s. The margin against hunt- 
ing is therefore 0-8 c/s—0-55 c/s, 1.e. 0-25 c/s. 
The margin for inaccuracies in operation due to 
voltage variation is 0-5 c/s—0-4c/s,1.e. + 0-1 c/s. 


FREQUENCY RELAY. 

The newly developed G.E.C. frequency relay 
(fig. 4) is based on the known principle of phase 
change in a resonant circuit. The arrangement 
is shown schematically in fig. 5. The relay has 
a laminated core carrying on one leg the induct- 
ance winding L. The magnetic flux ®4 passing 
through this leg is led over two pairs of pole pieces 
and across a suitably shaped rotating armature 
A. Windings on the outer pole legs serve to 
control the distribution of the main flux which 
splits into asymmetrical parts ®, and ®. The 
inductance of the main winding L, together with 
the capacitor C connected in parallel with it, 
forms the resonant system which is roughly 
tuned to the frequency at which the relay should 
assume its central position. Tappings, 1, 2, 3 are 
provided for coarse adjustment. The current 
flowing into the parallel-resonant circuit is 
known to be capacitative if the frequency is 
greater than the resonant frequency, and in- 
ductive if the frequency is lower, and the current 
reaches a minimum in which only losses are 
supplied when the network frequency coincides 
with the resonant frequency. The vector dia- 
gram of currents is shown in fig. 6 (a). Let it 
be assumed for simplicity that the voltage E 
varies directly as the frequency. With this 
simplification the current Jz in the reactor is 
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Fig. 5.—Schematic diagram of the frequency relay. 
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constant and lags behind the voltage by an 
angle ®, which may be assumed to be practically 
constant. The capacitor current vector /, 
is almost perpendicular to the voltage vector EF, 
as shown in the diagram. With varying fre- 
quencies there will be different capacitor cur- 
rents J.. The current /, which is to be fed from 
the network is the sum of Jz and J... This cur- 
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displacement is present between ®, and ,. 
This vibrating torque has been reduced in the 
relay to a small value by the second winding 
v which is wound in opposition to the 
operating winding p. It carries a current 
I, which is proportional to the voltage E and 
limited by the resistor R,. The influence of this 
current at the correct frequency is to make the 
fluxes ®, and , practic- 
ally coincide with the 

D, 
flux * 
condition is shown as case 
no. 3 in fig. 6 (6). A 
small residual phase dis- 
placement between fluxes 


The ideal tuning 








Fig. 6.—Vector diagrams of frequency relay operation. 


rent and especially its phase angle vary with the 
frequency. J, is led through windings p 
on the pole legs of the relay. Ina first considera- 
tion it will be helpful to neglect the shunt re- 
sistance, which serves to give sensitivity adjust- 
ment, and also to neglect the second winding 
v on the same legs. The current J, will 
then cause a circulating flux ©, which adds to 
the main flux } ®z on one pair of air gaps and 
subtracts from it on the other pair. Thus we 
have in two diametrically opposed gaps equal 
fluxes ®, which are, however, different from those 
®, in the other pair of pole gaps. Two states 
of fluxes ®,,, 9,,, and ®,., ®,. are shown in 
fig. 6 (6). The flux ®, will tend to rotate 
the armature in a clockwise direction, whereas 
the flux @, tends to rotate the armature anti- 
clockwise. Therefore the middle position can 
be maintained only so long as the r.m.s. values 
of both these fluxes are equal or, in other words, 
so long as the ends of the vectors ®, and 9, 
in fig. 6 (6) are on the line s—s which is 
perpendicular to the main flux $ ®gz as shown in 
the case of Po, Myo. 

The moving part of a relay of the type des- 
cribed is relatively light, and therefore follows 
even a 100 cs vibrating component in the 
residual torque. Such a vibrating flux com- 
ponent is generated by the residual flux com- 
D4 


Dy 
ponents ?, — 5 and ®, — 7 when a phase 





@, and ®, is permissible, 
and this has been used for 
fine adjustment of the 
mean frequency by alter- 
ing the resistance R,, in 
the compensating circuit. 
The general shape of 
the response  character- 
istic of a relay of this type 
is shown in fig. 7. The 
error due to variations of voltage is almost 
negligible within the practical range of operation. 
The sensitivity which is adjustable by a shunt 
resistance in parallel with the operating coil (or 
alternatively in parallel with the series connec- 
tion of operating and anti-vibrating coil) can be 
chosen within wide limits which may be very 
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Fig. 7.—Control characteristics of the frequency relay. 


different from those actually required for the 
present purpose. If an air gap g, as shown in 
fig. 5, is provided in the main flux path, the 
operating torque of the system can be increased 
by opening up this gap and increasing the capa- 
city of the capacitor C up to the limits set by 
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the load capacity of the winding L. This in- 
creased torque can be used either to increase 
further the sensitivity of the relay or to increase 
the power that can be handled by its contacts. 
For instance, experiments made with a mercury 
switch fitted directly to the shaft of a relay of 
this type have shown that it is possible to switch 
a 3 kW heater directly on and off within about 
0-5 c/s variation of frequency. 


OUTPUT VOLTAGE 
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Fig. 8.—Protective scheme for tripping in case of 
hunting or of failure to Correct the frequency. 


The operation of a frequency relay is made 
particularly difficult by the fact that the fre- 
quency of the Grid system normally changes so 
slowly that only snap action can prevent dither- 
ing of the contact. The mechanical shaping and 
arrangement of the contacts shown in fig. 5 
and also visible in the illustration of the fre- 
quency relay in fig. 4, protluce the required snap 
action. The available margin of accuracy and 
controllable range of insensitivity is, however, 
so narrow that it has been found advisable to 
guard against premature wear and tear of the 
contacts by providing small intermediate auxil- 
iary relays of the power insulated telephone-type 
with rectifier excitation. Relays of this kind can 
be switched practically without sparking since 
the rectifier acts at the same time as a spark 
quenching device and also delays slightly the 
dropping-off of the relay. Definite contact 
operation is thus ensured even if the primary 
contact should be dithering. Since a definite 
contact occurs, the cam disc controller is set in 
motion, and when the next corrector speed step 
is reached, the moving arm of the frequency 
relay will tend to return to a neutral position. 


PROTECTIVE DEVICES. 
The scheme of protection is in three parts : 


(a) Main External Protection. 


This is provided by fuses and a main circuit 
breaker in the accepted manner. 


(b) Overload Protection of Auxiliary Equipment. 


This is provided by the overcurrent time delay 
trip and ensures the shut-down of the frequency 
corrector on the occurrence of faults in the brake 
mechanism, driving motor, gearing and contactor 
equipment. 


(c) Detection of Abnormal Output. 


This is provided by a low voltage relay (not 
shown) and by the anti-hunting and anti-sticking 
features of the time delay relay circuits asso- 
ciated with the frequency relay and cam disc 
controller. 

Subsidiary protection is provided by fuses in 
individual circuits (not shown), and certain 
possible failures, such as the failure of one phase 
of the 3 phase supply, are guarded against 
by the low voltage relay. 

Any failure in the operation of a motor con- 
tactor would lead to the cam disc controller 
moving over two steps. This would double the 
magnitude of the frequency change. The fre- 
quency relay would, in this case, be too sensitive 
and hunting would occur. Hunting can also 
occur if the frequency relay is adjusted so that 
the sensitivity limits are too small. On the 
occurrence of hunting the control circuit 1s 
tripped out. This is achieved by the scheme 
shown in fig. 8. It consists mainly of three time 
relays, x, y, z, two of which, x and y, are ar- 
ranged to close instantaneously but to open with 
about 5 seconds’ delay. The third time relay, 
z, has a normally closed contact which opens 
after its operating coil has been energised for 
25 seconds. If hunting occurs, the time relays 
x and y are energised alternately by the fre- 
quency relay making contact in succession in 
both directions. The contacts on relays x and 
y are connected in series and, due to the operat- 
ing delays of both relays, both contacts will be 
continuously closed, so that the relay z comes 
into operation and trips the equipment. Addi- 
tional contacts are fitted on the auxiliary relays 
to produce the same result if the frequency 
relay makes continuous contact in one direction 
without obtaining the required frequency change 
from the corrector. Thus, failure in the opera- 
tion of the corrector is automatically indicated 
and the equipment is taken out of service. 
Should the supply frequency fall below 47-5 c/s 
or rise above 51-5 c's the limit switches come 
into operation and the frequency corrector 
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gives the maximum possible correction. Re- 
peated short impulses such as are produced 
by dithering may go on for an appreciable period, 
but will not cause tripping (as hunting would 
do) because only one of the two time relays, 
x and y, will be kept closed. 





Fig. 9.—Exterior of control cubicle. 
THE CONTROL CUBICLE. 

The frequency correctors can be controlled 
by push buttons for testing purposes. It is 
only necessary to switch over from automatic 
to hand control on the control cubicle shown in 
fig. 9. The push buttons then take over the 
action normally left to the frequency relay. 
Any deliberate frequency error then introduced 
by arbitrarily raising or lowering the output 
frequency will be rectified automatically when 
the switch is turned back from hand to auto- 
matic control. 

The sensitivity can be checked by altering 
the mean frequency adjustment slightly until 
the frequency relay just operates. The fre- 
quency control gear will then operate to alter 
the output frequency by one step. The adjust- 
ment of the sensitivity of the frequency relay 
must be such that it returns to a neutral position 
and does not swing over to such an extent that 
contact 1s made in the opposite direction. If 
it does so, hunting is liable to occur. 


July, 1949 


The necessary adjustments can be made on 
the frequency relay by means of the knobs 
visible in fig. 4, which control the resistors 
R, and R, in fig. 5. 

Fig. 10, shows the interior of the control 
cubicle; the cam disc controller is seen at the 











Fig. 10.—Interior of control cubicle. 


top. The next row contains the frequency relay 
(left), the time relays x and y in a common 
casing (centre) and the time relay 2z (right). 
The telephone-type auxiliary relays are housed 
in the same casing with the cam disc controller, 
but are not visible. Above the eight contactors, 
numbered | to 8 in fig. 1, and arranged in four 
rows in the lower part of the cubicle, is the over- 
current time tripping device (O.C.T. relay) 
with the hand re-set visible on the right hand 
side of the control cubicle. The delay mechan- 
ism of the O.C.T. relay is of the dashpot type 
and is filled with silicone fluid in order to avoid 
variations of the setting due to changes in tem- 
perature. 


ADJUSTMENT OF OUTPUT VOLTAGE. 

No control of voltage is provided, but an ad- 
justment of the mean output level is made by 
means of power factor correcting capacitors which 
are connected in parallel with the (constant) load 
and adjusted to suit the load conditions at each 











—— 


~eee 





149 


on 
ybs 
ors 


rol 
the 


lay 
10n 
it). 
sed 
ler, 
ors, 
our 


ay) 
ind 
an- 
ype 
oid 
‘m- 


ad- 


uch 
oad 
ach 











FREQUENCY CORRECTION 137 


site. This adjustment is necessary on account of 
the relatively large leakage reactance of this type 
of apparatus. The use of capacitors in the signal 
load circuit is also of assistance in reducing any 
harmonic distortion which may be present and 
which might affect the accuracy of the frequency 
relay which is designed to be correct to within 
0-1 per cent. Although the frequency relay is 
not unduly affected by harmonic distortion, it 
appears that the capacitors help to remove any 
trace of such distortion as might well be present 
in equipment associated with large mercury arc 
rectifiers in traction substations. 


OPERATION. 


There are now ten 10 kVA frequency correc- 
tors of the type described, operating satisfac- 
torily in various substations on the Southern 
Region of British Railways (fig. 11). The 
frequency correctors at present installed on the 
railway do not operate continuously but only 
during periods of low frequency. As soon as 
the British Electricity Authority advises the 
railway authorities that the Grid frequency is 
liable to fall, the correctors are put into service 
by remote control and are taken out of service 
again as soon as normal frequency is restored. 

In the present arrangement any failure in the 
corrector equipment results in the signal net- 
work’s being completely switched over to direct 
supply from the Grid so that not only the 
control mechanism but the entire frequency 


correction equipment is taken out of operation. 

If desirable, arrangements can be made where- 
by faults in the control gear result in tripping 
of the control circuit only, leaving the frequency 
corrector in circuit as a simple transformer. 
This avoids any momentary interruption in the 
supply to the signal circuits. On the other hand, 
if it is desired to cut out the frequency corrector, 
a momentary interruption is unavoidable because 
it is not possible to parallel the output voltage 
from a corrector of this type, even when station- 
ary, with the main supply on account of the 
indeterminate phase relationship between the 
two voltages. 


EFFICIENCY. 


When stationary the efficiency of the corrector 
alone is about 90 per cent on full load. Losses 
in the driving mechanism increase with the 
difference between input and output frequency ; 
they are mainly due to friction in the spur gears 
which are designed to be very robust, and to 
have a minimum of backlash as a safeguard 
against mechanical damage in the event of short 
circuits in the signal network. Nevertheless, a 
full load efficiency of 77 per cent was recorded 
with maximum boost. 
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Fig. 11.—Map of the railway system showing location of G.E.C. frequency 
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INTRODUCTION. 

T is some thirteen years 
since a paper’ on trans- 
mitting valves __iast 

appeared in this Journal. 

Then Le Rossignol and 

Hall described the history 
of transmitting valve develop- 
ment and dealt with the 
types produced, and with 
the techniques used in 
manufacture, up to about 
1936. It is the purpose of 
the present paper to bring 
this story up to date, to 
describe some of the ad- 
vances which have _ been 


earlier types 


performance. 





The article begins with a re- 
view of the limitations of the 


valves and an indication of the 
directions in which improvements 
New construc- 
tional and manufacturing tech- 
niques, which have enabled these valve. 
improvements to be realised in 
practice, are described. Some of 
the new types of valves developed 
during the last thirteen years are 
illustrated, and tables are in- 
cluded showing their ratings and 


were required. 


power is usually very low, 
the power handling capa- 
city of the anode and the 
grid need not be large. The 
balance between cathode 
emission and anode and grid 
dissipation, therefore, is often 
quite different in the pulse 
Nevertheless, the 
same principles of construc- 
tion are applicable to both 
conditions of use and some 
of the more important war- 
time pulse valves have since 
been modified and rendered 
suitable for C.W. appace- 
tions. 


transmitting 








made in the last thirteen 
years, and to indicate some of the reasons for 
the changes that have taken place. 

The general trend of transmitting valve 
development during this period has been chiefly 
in the direction of producing higher power at 
higher frequencies, and at wider band-widths. 
Progress has been rapid, particularly during the 
war years when urgent military needs gave a 
stimulus to the development of new valves for 
special purposes. As in other fields, the truth 
of the old adage, “* Necessity is the mother of 
invention ”’, has been amply borne out and there 
is no doubt that, but for the war, the advance in 
techniques would not have been so rapid. 

The early wartime valves were based on 
designs which had previously been developed 
for services such as television. Many of the 
valves developed during the war, however, were 
designed specially for operation under pulse 
conditions and, as a rule, were not suitable for 
use on C.W. Valves for pulse operation require 
to have very high cathode emission to supply 
the high peaks of anode current, but as the mean 
Le Rossignol and Hall. 


G.E.C. Fourna!l, Vol. 7, No. 3, 1936. 








The various valves with 
=e this paper. deals are described under four 
headings : 

(1) Glass valves. 

(2) Silica valves. 

(3) Air-cooled anode valves. 
(4) Water-cooled anode valves. 
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Fig. |.—Inter-electrode capacitances and lead induct- 
ances of a triode. 

















Advances have been made in all four classes, 
but the most striking progress has been in the 
air-cooled and water-cooled valves. It is these 
valves which have enabled the power obtainable 
at high frequencies to be so greatly increased 
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can be shown that the drop in efficiency is 
already significant when the transit time is one 
twelfth of the period, and that oscillation ceases 
altogether when the transit time approaches 
half the period. Now the transit time may be 
decreased by reducing the clear- 
ance between electrodes, or by 
increasing the anode voltage. 
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transit time in the grid-cathode 
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pe: It can also be shown® that the 
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Fig. 2.—Common-anode earthed-anode co-axial line oscillator circuit. 


during the last ten years. The glass transmitting 
valve is limited in power, maximum frequency 
of operation and mechanical ruggedness, but 
nevertheless, still finds new applications in 
compact mobile equipment where only a 
minimum of ancillary equipment can be toler- 
ated. Silica valves have long been used by the 
Royal Navy, but it is only recently that they 
have found application in commercial equip- 


i _GRID 


: : d 
space is proportional to (*) 


where d is the _ grid-cathode 
distance, and 7 is the current 
density. Hence, if the makxi- 
mum frequency is to be increased, either d must 
be decreased ori must be increased. In the latter 
case, the cathode emission must be increased 
if space charge limitation is to be maintained. 
Fig. 1 shows the interelectrode capacitances 
and the lead inductances of a triode. The 
maximum frequency of oscillation of this triode 
will be reached when the whole of the oscillating 
circuit resides inside the valve, and is formed 
by these interelectrode capacit- 

ances and inductances resonating 
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] together. To increase the maxi- 
mum frequency, therefore, it is 
necessary to reduce the internal 
capacitances and inductances. 
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Fig. 3.—Common-grid earthed-grid co-axial line oscillator circuit. 


ment. The fact that the silica envelope may be 
used some four or five times offsets ‘its high 
intrinsic cost. hi 

Magnetrons*, which were the subject of 
intensive development during the war, are not 
dealt with in this paper. Their operating 
frequency is much highes than that covered by 
the conventional triodes, and, apart from Marine 
Radar, they have not yet found a large commer- 
cial outlet. 


DESIGN CONSIDERATIONS. 

It is mainly because of the higher frequencies 
at which triodes are now required to operate 
that the many new types of valves described in 
this paper have been developed. There are two 
reasons why the performance of a triode 
deteriorates as its operating frequency is in- 
creased : firstly, because of transit time, i.e. the 
time taken by electrons emitted from the cathode 
to reach the anode, and secondly, because of 
the disappearance of the external circuit. It 


‘Willshaw, Stainsby, Balls, Rushforth, Latham and King. 
Jour. 1.E.E., Vol. 93, Part 3a, No. 5, 1946. 


The inductance of the leads to 
the active electrodes can be re- 
duced by reducing their length 
and by increasing their diameter ; 
the internal capacitances, however, can only be 
reduced either by increasing the spacing between 
electrodes or by reducing the area of the elec- 
trodes. In the former case, the transit time 
losses will be increased unless the anode voltage 
is raised to compensate, and in the latter case the 
power handling capacity will be reduced. 
Fortunately, this difficulty can be overcome 
and a considerable improvement in performance 
can be effected by making the electrodes, and 
their leads, parts of transmission lines which are 


‘Bell, Gavin, James and Warren. Four. 1.E.E., Vol. 93, Part 3a, 
No. 5, 1946. 
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Fig. 4.—Common-grid earthed-anode co-axial line 
oscillator circuit. 
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continued through the envelope of the valve to 
the external circuits. If the external circuit is a 
transmission line of characteristic impedance 
Z., which is continued without change right up 
to the valve electrodes, then some of the inter- 





Fig. 5.—Common-grid earthed-anode amplifier circuit. 


electrode capacitance is distributed in the circuit, 
and only a part of it appears as a loading capaci- 
tance at the end of the line. The length of the 
circuit for a given wavelength can be increased 
by decreasing either Z, or C, the loading capaci- 
tance, hence high power valves, in which the 
interelectrode capacitances cannot be reduced 
to very low values, without sacrificing perform- 
ance in other directions, may be used at very 
short wavelengths by employing circuits of low 
characteristic impedance. 

Coaxial lines provide convenient circuits of 
low impedance, and many of the valve types 
developed in the last ten years have been specially 
designed for use in such circuits. One arrange- 
ment is shown in fig. 2. The grid lead is con- 
tinued through the envelope at one end to form 
part of the inner conductor of a coaxial line, 
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Fig. 6.—Small glass transmitting valves. 
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the anode forming part of the outer conductor. 
Likewise, the cathode and the anode form the 
inner and the outer conductors of a second 
coaxial line at the other end of the valve. These 
coaxial lines act as reactances, and, in con- 
junction with the _ interelectrode 
capacitances, provide the oscillatory 
circuit. In some cases the length 
of line having the required re- 
actance may be so short that it 
does not project outside the valve 
envelope, but in_ such cases, 
normal operation may be _ re- 
stored by lengthening the line 
by one or more half-wavelengths. 

It will be noticed in fig. 2 that 
one electrode of the valve is com- 
mon to the two tuned circuits. 
In this illustration the anode is 
the common electrode, but other 
arrangements are possible, and 
it is usual to describe the circuit arrange- 
ment by reference to the common electrode, 
sometimes adding a reference to the elec- 
trode that is earthed, i. at R.F. earth 
potential. For use in coaxial line circuits, it 
is necessary for the connection to the common 
electrode to be intermediate physically between 
the connections to the other two electrodes, 
and this is a major factor in determining valve 
design. 

The three types of circuit in common use, for 
which most of the valves described in this paper 
have been specially designed, are : 





Fig. 7.—Silica valves. 
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ctor. , ; ; 
me (1) Common anode-earthed anode. Fig. 2, they held pride of place. Nevertheless, certain 
aie typical valve, ACT 24. applications still exist, and no doubt others will 
‘wen (2) Common grid-earthed grid. Fig. 3, arise, where, because of the limited facilities 
aoe typical valve, ACT 23. available for cooling, or, as in mobile trans- 
os ra (3) Common grid-earthed anode. Fig. 4, mitters, because the weight must be restricted, 
ane typical valve, DET 24. the glass valve still has a place in the low power 
: i The common anode-earthed anode arrange- field. Fig. 6 shows a group of small glass trans- 
— ment makes a simple and easily adjusted oscilla- mitting valves covering the frequency range up 
: it tor circuit for very high frequencies. The com- to 200 Mc/s and Table 1 gives their electrical 
ine mon grid arrangements may also be used as characteristics. With the exception of the 
we oscillators, in which case feed-back between the TT 15, this range of valves was a pre-war 
— two circuits has to be provided, but their main development, and although modifications to 
re- | tre’, sence _— hte 
los use is as unneutralised amplifiers. Fig. 5 shows constructional details have been introduced from 
the a photograph of a common grid-earthed anode time to time, they are practically identical with 
a amplifier circuit having a wavelength range of the original designs of twelve years ago. 
oat 10 to 50 cms., using a DET 24 valve. In the glass valve, most of the heat generated 
ee has to be dissipated by radiation, primarily from 
re GLASS VALVES. the anode, and any increase in power must be 
en Owing to the general trerd over the last ten accompanied by an increase in the size of the 
er years or so towards the use of higher frequencies, anode to maintain an equivalent temperature. 
“a the field of application of glass valves has become The grid size and filament rating must also 
a limited in the range of powers in which, hitherto, increase in proportion. As a result of this, inter- 
> 
ec- | 
rth | TABLE 1. 
. SUMMARISED CHARACTERISTICS OF SMALL GLASS TRANSMITTING VALVES. 
ion 
T i N 
en ype of Filament Peak Amplifi- futual a 
; Filament or : Con- 
es, Type Class or Heater Space cation duct- Anode 
lve Cathode Rating Current Factor ance Voltage 
for Volts Amps. Amps. mA,/V Volts 
er Thoriated 
DET 16 Triode Tungsten 10 5°5 1-8 60 6°5 1,000 
DET 17 _ Triode - 10 5-0 1-5 36 4°8 2,000 
DET 18 _ Triode - 5 4-0 0-9 32 4°4 2,000 
~ 3 Double Oxide- 
Py ee Tetrode coated 6°3 1-6 0°5 6°5 3-9 300 
TT 12 Tetrode - 19 0-42 0-5 10 6-0 600 
Max. Max. 
Anode Useful Power Output Capacitances 
Type Dissi- Fre- Watts uw F 
pation quency 
Watts Mc s 3 Mcs|20 Mcs|100 Mes A-G G-K A-K 
DET 16 125 3 120 — _— 18°25 10 10-3 
DET 17 125 80 300 270 — 5°5 6°5 2°5 
DET 18 50 150 70 60 50 1-7 4-6 0-17 
” TT 15 15 250 18 18 12 0-05 | 7°8 51 
| Input Output 
TT 12 25 150 40 38 24 0-14 | 1] 6°25 
| Input | Output 
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electrode capacitances increase, a feature militat- 
ing against any improvement in performance 
at the higher frequencies. 

If this situation is to be avoided, the electrode 
temperature must be allowed to rise, hence the 
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Fig. 8.—Some wartime air-cooled valves for radar. 


use of tantalum as the electrode material in some 
heavily loaded, high frequency valves. 

As a result of wartime developments, how- 
ever, some advances have been made in glass 
valve design. For example, the TT 15, a double 
tetrode of 15 watts anode dissipation, has 
indirectly heated oxide coated cathodes, mounted 
in such a way that the inductance between them 
is extremely low. The other electrodes follow 
the conventional design, but are mounted on a 
pressed glass base. The internal connection 
between the two screens is also arranged to have 
very low inductance. Due to the very short 
leads, this form of construction shows a worth- 
while gain compared with ear- 
lier designs. A problem arises, 
however, in connection with 
the material employed for the 
seal through the glass base. 
Owing to the high resistance 
of the alloy pins which form 
the seal, it is necessary to plate 
them with copper, or silver, to 
reduce the _ high-frequency 
losses to 2 Minimum. 

While it is possible, by the 
use of techniques such as those 
just described, to effect some 
improvement in the perform- 
ance of glass valves at high fre- 


limit for any appreciable power 
is reached at about 200 Mc s. 
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quencies, it is evident that the DET.24 ACT.22 
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SILICA VALVES. 


The first silica valve seems to have appeared 
during the 1914-1918 war and was developed in 


its early stages by H.M. Signal School, Ports- 
mouth. 


It has been used extensively in naval 
communications up to the 
present time. Owing to its 
high intrinsic cost, fragility, 
and relatively poor perform- 
ance, it did not at first find 
favour in the general industrial 
and communications field. 
Briefly, the valve consists 
of a fused quartz envelope 
with electrodes of conventional 
shape, supported on quartz 
insulators fused on the inside 
of the envelope at appropriate 
positions. The external con- 
nections to the electrodes are 
made via molybdenum rods 
which pass through quartz 
tubes fused on to the outside 
of the envelope. The seal is 
made with a lead plug and, 
to prevent the lead melting, it is necessary to 
place it some distance from the envelope. This 
results in a very long seal, in some cases as 
much as 8 inches, which adds to the fragility 
and limits the maximum frequency of operation. 
Considerable development work, which was 
carried out on seals during the war, has resulted 
in the present improved form. This consists of 
a tungsten rod sealed to the envelope via a 
special hard glass, thus reducing the seal length 
to a small fraction of the original lead seal length. 
This new seal greatly improves the silica valve 
from the point of view of mechanical ruggedness. 
It has also greatly extended its field of applica- 
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Fig. 9.—Low power air-cooled valves. 
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tion, by enabling it to operate at much higher 
frequencies. 

With the growth of industrial heating equip- 
ments since the end of the war, the silica valve 
has found application in commercial sets operat- 
ing at frequencies as high as 50 Mc/s. 

Taking into account the repairability factor, 
which may be 4 or 5, or even higher 
depending on the state of the envelope, it 
appears that the economics of silica valves com- 
pare favourably with air-cooled and water-cooled 
valves for comparable power. 

Fig. 7 illustrates two types and Table 2 gives 
their ratings. 


AIR-COOLED ANODE VALVES. 

The range of air-cooled anode valves is 
divided naturally into two classes: (1) ratings 
up to about 1-5 kW, where the alternative (at 
low frequencies) is the glass valve, and (2) 
higher ratings up to tens of kilowatts, where 
the alternative is the water-cooled valve. 


LOW POWER AIR-COOLED VALVES. 

Fig. 8 illustrates some of the types of air- 
cooled valves, developed during the war for use 
in radar equipments, working on wavelengths of 
several metres, in the case of the larger valves, 
and down to about 25 cms. for the smallest valve. 
Most of these valves in their wartime form 
were unsuitable for C.W. use, but a range of 
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Fig. 10.—Typical construction of common-grid triode 
(ACT 23). 


developed later, and it is with these that this 
paper is mainly concerned. The range of air- 
cooled valves with anode ratings up to 1:5 kW 
is illustrated in fig. 9. The summarised charac- 
teristics of these valves are given in Table 3, 
and nothing further need be said about their 

















C.W. valves based on these designs was electrical properties. The constructional tech- 
TABLE 2. 
SUMMARISED CHARACTERISTICS OF SILICA VALVES. 
Type of Filament ... Mutual 
— Clas Filament or oo Ampiiti- Con- — 
ype anes or Heater C pore sone duct- aie ms 
Cathode Rating surrent actor ance oltage | 
; Volts Amps. Amps. mA V Volts | 
Thoriated 
SL 1 Triode Tungsten 10 10 2°5 17 3°8 4,000 | 
SL 2 Triode - 10 20 4-0 33 5-1 6,000 | 
L | | 
| Max. Max. | 
| Anode Useful Power Output Capacitances | 
| Type Dissi- Fre- Watts Uk F | 
| pation quency | 
: Watts Mcs 3 Mcs 20 Mcs100 Mcs A-G G-K A-K 
| SLI 500 50 —«:1,200~——‘1,200 - 11-7 9-6 33 
| SL 2 1,000 45 2,300 2,100 — 18 13 20 =| 
| 








144 G.E.C. JOURNAL Fuly, 1949 


niques employed are illustrated in figs. 10 and 
11. Fig. 10 is typical of the construction of a 
common grid valve, and fig. 11 shows a typical 
common anode construction. Many of the 
features are common to both and the main 
difference lies in the arrangement of the elec- 
trodes. 


Description of ACT 23. 

It will be seen from fig. 10 that the electrodes 
of the ACT 23 are short cylinders. The in- 
directly heated oxide coated cathode (6) has an 
emitting area of 6:5 cm? The distance between 
grid and cathode is 0-25 mm. and the grid-anode 
spacing 1-0 mm. 

The main manufacturing operations are as 
follows. The envelope, comprising the various 
metal and glass components, is made in one 
operation on a specially designed jig, which 
ensures the requisite accuracy in the disposition 
of the metal flanges (10, 12 and 13) on which the 
electrodes are later mounted. The precision 


Fig. 12 (above, right).—High power air-cooled 
valve (ACT 16). 


Fig. 13 (below, right).—High power air-cooled 
valve for high-frequency operation ACT 26. 
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(ACT 24). 
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equired is much greater than could be obtained 
»y normal glass working methods. The anode 
1) of the ACT 23, which is re-entrant, consists 
f a short length of thick-walled copper tube 
vhich is hard-soldered to a copper disc (2). The 
‘rid (3) is of the squirrel cage type and consists 
yf 180 molybdenum wires, 0-15 mm. diameter, 
spot-welded to nickel rings, one at each end of 
the grid. The supported end of the grid is 
mounted on a copper tube (4) to conduct away 
as much heat as possible, and hence Keep the 
grid cool. The cathode (6) consists of an 
annular nickel box enclosing the heater, and is 
mounted on a nickel tube (7), via a short length 


through the open end (9) and bolted to the disc 
(10). The live end of the heater is then welded to 
the lead (11). Next, the grid is inserted over the 
cathode, and bolted to its flange (12), and lastly, 
the anode is assembled in the envelope by the 
gold wire process, by means of which a vacuum 
tight seal is made between flanges (2) and (13). 
The grid and anode coolers (5) and (14) are 
soft soldered on after exhaust. 


Description of ACT 24. 


Owing to the different electrode arrangement 
of the ACT 24 (fig. 11), the methods of con- 
struction employed are somewhat different from 


of nichrome tube (8) which provides thermal 
insulation. In assembling the valve, the whole 
cathode unit is introduced into the envelope 


those used for the ACT 23. The electrodes of 
the ACT 24 are also cylindrical but considerably 
larger than in the case of the ACT 23. For 























TABLE 3. 
SUMMARISED CHARACTERISTICS OF LOW POWER AIR-COOLED VALVES. 
Common Type of Filament sats Mutual 
ne Electrode Filament or Peak Amplifi- Con- Max. 
lype in Coaxial or Heater Space cation duct- Anode 
Circuits Cathode Rating Current Factor ance Voltage 
Volts Amps. Amps. mA V Volts 
I.H. Oxide- 
DET 24 | Grid coated 6°3 1-0 1-0 33 12 400 
ACT 22 | Grid - 6°3 4-0 1-5 22 20 600 
ACT 23 | Grid - 13°5 2°8 5°0 40 30 1,000 
E 1862 Grid - 16 6°7 10-0 50 40 1,500 
Thoriated 
ACT 19 Anode Tungsten 8°25 7-0 2-0 15°5 3°1 2,500 
I.H. Oxide- 
ACT 24 Anode coated 6-0 17 6-0 35 20 1,500 
Max. Max. 
< Anode Useful Power Output Capacitances Air 
Type Dissi- Fre- Watts “uh F Flow 
pation quency 
100 300 1,000 ‘ — . cubic ft. 
Watts Mc's Mc s Mc s Mc s A-G G-K A-K per min. 
DET 24 20 2,000 20 20 10 1-9 4°8 0-04 -- 
ACT 22 75 1,500 105 105 50 6°5 13°5 0-3 5 
ACT 23 400 1,000 400 400 200 16°5 22 0-6 30 
E 1862 1,500 500 1,500 1,500 —- 27 31 0-5 100 
ACT 19 200 300 250 150 -—— 3°7 2°2 1-0 1] 
ACT 24 1,500 200 1,500 — _ 15°4 17°4 3°5 60 
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Fig. |14.—Filament and grid of ACT 26 valve. 


example, the coated area of the cathode is 20 cm?, 
and the grid and anode are correspondingly 
larger. The interelectrode clearances also are 
greater ; the grid-cathode distance being 1-3 mm. 
and the grid-anode distance 3-4 mm. 


FEET 





—_—— 


Fig. 15.—High power short wave water-cooled valve 
(CAT 17) 


July, 1949 


The main steps in the manufacture are as 
follows. The copper anode and grid seals 
(1 and 2) are prepared for glassing by flaring, 
and rolling the ends to a knife edge. The glassing 
is done in a small glass lathe to ensure accuracy 
in alignment. At this stage both glass tubes 
attached to the anode are open. Next, the flared 
glass tube (3), already attached to the grid seal, 
is sealed in to one of the glass tubes attached to 
the anode, during which operation the surface 
on which the grid is to be mounted is accurately 
located with respect to the anode by means of a 
jig. The grid (4) can then be introduced through 
the other end of the bulb and attached to its seal 
by means of a small bolt (5). Finally, the 
cathode (6), which has already been mounted 
on another glass-to-metal seal (7), is sealed into 
the glass tube (8) on the end of the anode remote 
from the grid seal. The two components being 
sealed together in this operation are held in 
accurate relationship by mounting on aligned 
Vee blocks. 





Fig. 16.—Latest model of the CAT i7 
(E 1872). 





949 


: as 
eals 
ing, 
ing 
acy 
bes 
red 
eal, 
| to 
ace 
ely 
fa 
igh 
eal 
the 
ted 
nto 
ote 


ing 
ied 





RADIO TRANSMITTING VALVES 147 


HIGH POWER AIR-COOLED VALVES. 


To turn now to the air-cooled valves of higher 
power, fig. 12 shows the ACT 16, a valve of 
conventional construction, which is rated at 
18 kW dissipation. Apart from the anode 
cooler, this valve is identical with the water- 
cooled valve CAT 9, which is illustrated in 
fig. 17. The ACT 16 requires an air flow of 
600 cubic feet per minute at a pressure of 6 
inches water gauge for anode cooling. The 
choice between the air-cooled and the water- 
cooled valve depends on many factors mostly 
concerned with the cooling systems rather than 
with the valves themselves. The advantages 
and disadvantages of the two arrangements, 
however, are fairly equally balanced and per- 
sonal preference often decides. 

A new 5 kW air-cooled valve of novel design 
(ACT 26) is shown in fig. 13, and its electrical 
characteristics are summarised in Table 4. The 
ACT 26 has a thoriated tungsten filament giving 
an emission of 15 amperes. One of the problems 
in design was how to incorporate such a large 
filament in a valve of this size, and the photo- 
graph of the mounted filament system, shown 
in fig. 14, indicates how this problem was solved. 
Among the advantages of this type of filament 
may be mentioned (1) the effects of the cold 
ends are minimised, (2) the emission per unit 
length is increased, and (3) a convenient rating 


in voltage and current can be achieved without 
the use of insulators. 

The grid of the ACT 26 is a squirrel cage of 
molybdenum wires mounted on a copper tube, 
a design which ensures good thermal and 
electrical conductance between the active grid 
itself and the seal which is air-cooled. The 
anode cooler is of the high efficiency type, 
requiring an air flow of only 300 cubic feet per 
minute at a pressure of 4 inches water gauge. 
The valve is designed so that it may, if desired, 
be operated in coaxial line circuits. 


WATER-COOLED VALVES. 

Le Rossignol and Hall, in their earlier paper, 
ended their account of water-cooled valves with 
a description of the CAT 14, which has an anode 
dissipation of 150 kW, and is still the largest 
valve manufactured. The next development 
was the making of the CAT 17 (fig. 15), a short 
wave version of the CAT 14. The electrode 
dimensions of these two valves are identical and 
they differ only in the grid seal, which, in the 
CAT 17, is a copper flange with a copper-to- 
glass seal on either side of it. ‘These seals are 
51 inches in diameter. The grid seal of the 
CAT 17 is therefore capable of carrying much 
greater R.F. current and it has much lower 
inductance. Thus, the CAT 17 has enabled the 
medium wave performance of the CAT 14 to be 

















TABLE 4. 

SUMMARISED CHARACTERISTICS OF HIGH POWER AIR-COOLED VALVES. 
Common Type of Peak Amplifi- Mutual Max. | 

Ty Electrode Filament Filament Space cation Con- Anode 

YP€ in Coaxial or Rating Current Factor duct- Voltage 

Circuits Cathode ance 
Volts Amps. Amps. mA V Volts | 
© 

Thoriated | 
ACT 26 Grid Tungsten 655 105 15 22 45 5,000 | 
ACT 16 — Tungsten 20 100 12 45 10 15,000 | 
| Max. Max. 4 
| Ty Anode’ Useful Power Output Capacitances a. | 
| ¥YPe § Dissi-  Fre- Watts ahh F 7 
| pation quency | 
| 20 50 100 . i= cubic ft.! 
Watts Mc s Mc s Mc s Mc s A-G G-K A-K per min.) 
ACT 26 5,000 300 ~=s«s«é7;«,500 = 7,500 ~—=7,,500 18 22 0-26 300 | 
ACT 16 18,000 50 15,000 7,00 — 215 30 23 600 | 
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obtained on the short wave bands, and it has 
been extensively used for short wave transmission 
on frequencies up to 25 Mc's. 

A more recent development is illustrated in 
fig. 16. This shows the E 1872, a new experi- 
mental valve, in which the R.F. conductance of 
the grid system has been still further improved 
and, at the same time, the length and inductance 
of the filament leads have been greatly reduced. 
Otherwise this valve is identical with the CAT 14 
and CAT 17, but the modifications enable better 
use to be made of the electrical characteristics 
at the highest frequencies. 











Fig. |17.—Old and new water-cooled valves of 20 kW 
dissipation (CAT 9 and CAT 21). 


Another striking example of the constructional 
modifications necessary to improve the short 
wave performance of water-cooled valves can be 
seen in fig. 17, which shows the CAT 9, a 
20-year-old “‘ short wave ” valve and the CAT 21, 
a modern design having the same anode dissipa- 
tion. The greatly reduced dimensions and the 
improved grid and filament seals give the 
CAT 21 a great advantage at high frequencies. 
For example, the maximum useful frequency 
of the CAT 9 is 50 Mc/s, whereas the CAT 21 
may be used at 100 Mc/s. 

In order to reduce transit time effects, it has 
been necessary to use much smaller inter- 
electrode spacings in the CAT 21 than in the 
CAT 9. An undesirable consequence of small 
spacings is high capacitance, but, by reducing 
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the length of the electrodes in the CAT 21, the 
increase in capacitance has been restricted. For 
efficient wide band operation, the ratio of peak 
anode current to anode-grid capacitance should 
be high, and this figure of merit is much better 
for the CAT 21 than for the CAT 9 in spite of 
the higher capacitance of the CAT 21. Details 
of the electrical properties of the CAT 21 are 
given in Table 5. 

Some experimental work was carried out before 





Fig. 18.—W/ater-cooled pentode PCA 21. 


the war on multi-electrode water-cooled valves 
and two pentodes rated at 10 and 25 kW were 
developed. The 10 kW valve PCA 21 shown 
in fig. 18 has since been extensively used in 
broadcast transmitters where its higher gain, 
and freedom from the necessity to neutralise, 
give it advantages over triodes of similar dissipa- 
tion. An air-cooled version of this valve has 
also been made. 

Due largely to the limitations imposed on the 
radiated power of broadcasting transmitters, 
there has not yet been the necessity to produce a 
valve of greater power handling capacity than the 
CAT 14. Most of the new developments have 
therefore taken place in the high-power short 
wave valves, as has just been described. Should 
the need for much greater power on medium 
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TABLE 5. 
SUMMARISED CHARACTERISTICS OF WATER-COOLED VALVES CAT9 AND 
CAT 21. 
Type Mutual 
Valve a of Filament Peak Ampli- ) — 
Type. Lengt Fila- Rating Space fication Conduct- 
mm. ment Current Factor ance 
Volts Amps. Amps. mA V 
CAT 9 803 Tungsten 20 100 12 45 10 
CAT 21 380 Tungsten 12 320 25 20 25 
Mi: Max. Max. 
Valve Max. Anode Max. Useful : 
Type Anode Dissipa- Output Fre- Capacitances “ | F 
Voltage tion quency 
kV kW kW Me s. A-G G-K A-K 
CAT 9 15 18 15 50 21°5 30 2°3 
CAT 21 10 20 30 100 32 42 1-1 

















wavelengths arise, it is not unlikely, however, 
that consideration of problems in transport and in 
handling would lead to the adoption of a number 
of 150 kW valves‘in parallel rather than to the 
use of a very large single unit. 

These large water-cooled valves have estab- 
lished a high reputation for reliability and give 
upwards of 10,000 hours of trouble-free service 
before eventual failure, which is almost always 


due to the inevitable wastage of the hot tungsten 
filament by evaporation. 
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Trolley Bus Equipment for Belfast 
Transport Department 


By CoL. R. MCCREARY, O.B.E., M.C., B.Sc., M.1I.C.E., M.Inst.T. 


General Manager and Engineer, Belfast Corporation Transport Department 


and E. H. CROFT, A.M.I.C.E., M.1.E.E., Traction Control Department, Witton Engineering Works. 
INTRODUCTION. 


equipments built by the Company will provide a 
NE of the first traction orders received 


suitable background against which the merits 


\ after the conclusion of the war was for of the present contracts can be appraised. 
seventy electrical equipments for trolley In 1938 a sample equipment of the regenera- 
buses for Belfast Transport Department. tive type, embodying a rheostatic brake, was 


These equipments represent the latest elec- supplied. This prototype was approved and 








trical practice and embody many features of 
post-war design. Their development, operation 
and performance are, therefore, of considerable 
interest and form the subject of the present 
article. 


As a preliminary, a brief review of earlier 


the equipment was selected for an order of 
114 chassis placed with the Associated Equip- 
ment Company of Southall ; the bodies were 
designed by the Belfast Transport Depart- 
ment and partly manufactured in Belfast. 
Eighty-eight of these equipments were delivered 
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Fig. |.—Trolley bus routes on the Belfast Corporation trolley bus system 
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Fig. 2.—One of the trolley buses in front of the Parliament Buildings of Northern Ireland. 


before the war put a stop to further shipments. 
Their performance has been satisfactory in every 
way despite the exceptionally heavy service 
demanded of them during the war years. This 
pre-war contract is now being completed, along 
with the new contract, and embodies some, 
though not all, of the post-war improvements, 
as many of the parts were made before the war 
and have been held in storage. 

When the present contract is completed, this 
will be one of the most extensive trolley bus 
services in the British Isles, outside London. 
Fig. 1 shows a_ simplified 
map of the system which is 
operated by a fleet of 210 
buses, 183 of which have been 
equipped by the Company. 


POST-WAR ELECTRICAL 

EQUIPMENT. 

Before deciding upon the 
electrical system to be adopted 
and the design of the new 
equipments, a careful investi- 
gation was carried out in con- 
junction with the engineers of 
the Belfast [Transport Depart- 
ment in order to devise the 
most suitable arrangement and 
to agree upon the best com- 
promise between the benefits 
of post-war equipment on the 
one hand, and standardisation 
of components on the other. 





This is discussed in greater detail later. It will 
be sufficient to state briefly that the most recent 
system embodying a rheostatic brake, without 
regeneration, was selected as being best for 
the conditions on the Belfast system. Post- 
war design was adopted for the more essential 
items normally subject to heavy wear. 

The general data given below will be of 
interest and represent the service before the 
introduction of any of the post-war equipments : 

Schedule speed ... 9-88 m.p.h. 

Stops per mile ... ” mre 


' 
as 
° 


: on 


Fig. 3.—Seating arrangement in the lower saloon of a trolley bus. 
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Fig. 4.—Trolley bus chassis showing arrangement of the driving motor, compressor 
motor and resistance grids. 


Passengers per vehicle mile... 15°77 
Total number of passengers up 
to 31-3-47 . 70,100,976 


Total mileage up to 31-3-47 4,444,733 

As will be seen from fig. 1 the total road 
mileage under trolley bus operation is 19} mules. 

The 70 post-war equipments were mounted 
on 6-wheel chassis built by Guy Motors, Ltd. 
The steel body framings were supplied by Metal 
Sections, Ltd., Oldbury, who also erected the 
lower saloon skeleton framing on the chassis at 
their works before despatch to Belfast. Hark- 
ness Coachworks, Ltd., McTier Street, Belfast, 


were the main body contractors ; they assembled 
and mounted the top saloon skeleton framing 
and completed the body work. 

It is not proposed to describe the chassis or 
bodies in this article, but some idea of the 
pleasing design of the body, and the internal 
seating arrangements, can be gained from figs. 2 
and 3. The former illustration is of a com- 
pleted bus outside the Northern Ireland Parlia- 
ment Buildings beside a statue of Lord Carson. 
Fig. 3 shows the seating in the lower saloon. 
Various views of the chassis are seen in figs. 4, 
5, 6 and 7. 





Fig. 5.—General view of trolley bus chassis. 
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TROLLEY BUS 


It has already been mentioned that the system 
adopted for the new trolley buses embodies a 
rheostatic brake without regeneration. The 
adoption of this system was decided upon by 
the Belfast Transport Engineers only after very 
careful consideration. The pre-war equipments 





Fig. 6.—Arrangement of contactor panel and master controller 


on the trolley bus chassis. 


which had embodied both a rheostatic and a 
regenerative brake had, as anticipated, shown 
that some form of electric brake was essential. 
It was well known that on certain services, par- 
ticularly those of lower traffic density, regenera- 
tion might have slight disadvantages due to 
occasional over-voltage caused by the non- 
receptiveness of the over- 
head supply system to 
the regenerated energy. 
This condition is 
slightly accentuated 
where mercury arc ree 
tifier substations re 
used, unless they are 
equipped with absorption 
equipment, which in- 
creases to a slight degree 
the first cost and main- 
tenance of the substation. 
Similarly the  equip- 
ment on a bus with 
regenerative braking is 
also slightly more com- 
plicated and calls for a 
little extra maintenance. 
It should be understood 
that the main object of 
the electric brake is to 
save brake maintenance 
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costs, and data collected by the Transport 
Department indicated that with normal service 
driving the saving in energy by regeneration 
is extremely small, although with specially 
trained and skilled drivers an appreciable 
saving could be made. Consequently it was 
felt that the added complications of 
regenerative equipment were not 
justified, as the rheostatic brake could 
afford ample braking and had the 
advantage that all braking control was 
on the one normal brake pedal instead 
of being both on the brake pedal and 
power pedal. Furthermore, it required 
no special skill on the part of the 
driver. 

Before describing the non-regenera- 
tive braking system, it should be men- 
tioned that tests carried out elsewhere 
showed that the introduction of rheo- 
static braking reduced the rise in tem- 
perature of the brake drum by the end 
of the day to less than one-quarter of 
the value recorded when electric brak- 
ing is not used, and the wear in an 
even greater proportion due to the 
lower temperature. The rheostatic 
braking system adopted will be readily 
understood by reference to the schematic diagram 
of the electrical equipment and the performance 
curves of the bus shown in figs. 8 and 9 
respectively. 

The system in question is based on a suitable 
type of compound motor which functions as a 
cumulative compound motor during the lower 





Fig. 7.—Method of mounting driving motor and air filter. 
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speeds of motoring, and as a series motor during 
the higher speeds of motoring. During braking 
it Operates as an inverse compound generator, 
the energy generated being absorbed by the 
starting resistances, which, during braking, are 
disconnected from the line. It will be seen from 
fig. 9 that by this means the braking curves are 
of such a shape that a definite limit is imposed 
on the back tractive effort, the maximum value 
obtained being arranged to be well within the 
capacity of the back axle for loaded overrun. 
While the same effect may be obtained by various 
forms of control equipment, none is so positive 
and safe as one associated in this way with the 
actual motor fields. 

The performance curves in fig. 9 show that 
ten contro! steps are provided for the motoring 
connection. These permit very smooth accelera- 
tion to be obtained without difficulty up to well 
over 2 m.p.h./sec. if desired. It should be 
mentioned that most services of the type required 
on the Belfast system do not demand an accelera- 
tion above 2 m.p.h./sec. 

The provision of steps 1 and 2 permits a 
cushioned build-up to full acceleration, thus 
obviating many platform accidents and ensuring 
easy handling of the bus in depots and when 
manoeuvring in dense traffic. During steps | 
to 6 inclusive the motor operates as a cumula- 
tive compound motor, with resistance in series. 
On step 7 it is running without any series 
resistance as a compound motor. During steps 
8, 9 and 10 it is operating as a pure 
series motor, the series field being diverted on 
steps 9 and 10. It will be noted that the 
balancing speed of the bus is 31-4 m.p.h. on a 
level road. While this is slightly lower than 
with some modern equipments it is entirely 
suitable for the heavy urban traffic of Belfast. 

As already mentioned, rheostatic braking is 
provided mainly to save brake wear, and an 
indication has been given of the saving achieved. 
However, excessive electric braking, since it 
reacts through the transmission, must be 
avoided and also limited to a maximum value. 
The two steps of brake shown are the result 
of experience and are best suited for normal 
urban services. When desired they may be 
increased to some degree. As will be made clear 
later, the driver cannot avoid the use of the 
electric brake as its operation is associated with 
the normal power brake pedal. 


OPERATION OF EQUIPMENT. 

The main power, auxiliary and control circuits 
of the new buses are seen in schematic form in 
fig. 8. Current is collected from the overhead 
lines by means of Brecknell-Willis light-weight 


trolleys provided with slider heads having carbon 
inserts. A positive and a negative circuit 
breaker protect the main power circuits against 
faults. A description of these circuit breakers is 
given later. The main starting resistance is 
arranged for a form of series-parallel switching 
sO as to reduce the total number of contacts 
required. The resistance control may easily be 
followed from the sequence in fig. 8. The 
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Fig. 9.—Performance curves of the trolley bus motor. 


resistance is of the unbreakable sheet metal type 
made by the Rheostatic Company. It will be 
noted that a portion of this same resistance 
functions as the braking resistance when the 
contactor B is closed. The line switches, LP 
and LN, the braking contactor B and the 
resistance contactors are all of the same type 
and are described later. 

Field diversion is obtained by two non- 
inductive shunts introduced into the circuit by 
the closing of contactors Fl and F2. These 
contactors are similar to the main contactors 
mentioned above but are somewhat smaller. 
It should be noted that only a portion of the 
series field is diverted; this allows a small 
number of inverse series turns to be included 
easily in the braking circuit to provide the re- 
quired limited braking characteristic. To avoid 
the circuit breakers opening upon overload due 
to careless notching an overload relay opens the 
lines switches LP and LN should the pre- 
determined notching peaks be exceeded. The 
relay is automatically reset by bringing the 
controller back to the “ off” position. 

The shunt field is controlled by the con- 
tactors S1 and S2 which are mechanically similar 
to the contactors Fl and F2. The feed for the 
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circuit 1s taken from the live side of the line 
switches, as the field must be energised from the 
line during the braking connections when the 
contactors LP and LN are open. It will be 
seen that maximum excitation is used only during 
braking and is obtained by the closing of con- 
tactor S2 as well as contactor $1. A discharge 
resistance 1s permanently connected across the 
shunt field, the value being such that current 
breaking on the contactors is satisfactory and 
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power contactors. The driver now removes his 
reverse key and replaces it upon the controller 
and selects either the forward or reverse battery 
position as desired. Pressure on the foot switch 
will close the battery contactor and the main 
motor will be supplied by the battery. 


PROTECTION. 


It is obviously most important that battery 
circuits should never become associated with 
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field reflection to change of voltage is not too 
sluggish. A simple form of lightning arrester 
absorbs any surges that might otherwise cause 
damage to the equipment. 

Reversal of the direction of motion is ob- 
tained by reversing the current flow through the 
armature by means of a direct operated reverser 
drum in the master controller. The drum also 
has forward and reverse positions for battery 
operation which permit the vehicle to be moved, 
in emergency, on the battery. Two 60 ampere- 
hour 15-cell batteries are normally charged in 
parallel by the trolley-battery changeover 
switch being placed in its normal, or trolley, 
position. If the driver desires to move the bus 
on the battery, he must first switch off power, 
move the reverser to the neutral position and 
remove the key; this he uses to throw the 
‘ trolley-battery ” changeover switch to “ bat- 
tery’. This places the two batteries in series, 
thereby doubling the voltage, and an interlock 
switch makes it impossible to emergise any 





10.—Schematic diagram of the leakage testing equipment. 


the overhead line circuits. The G.E.C. system 
gives every protection against both faulty opera- 
tion and any possibility of interconnection 
between line and battery. The battery switch 
being operated by the reverse key can only be 
thrown when the power circuits are definitely 
dead. When this switch 1s on “ battery” the 
main power contactors cannot be energised due 
to the interlock A. If the reverser is thrown to 

“ trolley ” position the foot switch feed is dead. 
When running on the trolley the two wires inter- 
connecting the reverser and the battery switch 
are each open circuited in two places, that is, 
both are open circuited on the reverser and, in 
addition, the negative is opened on the battery 
switch and the positive on the battery contactor. 

The auxiliary and control circuits are protected 
by a positive and negative main fuse. By this 
means every auxiliary and control circuit has two 
fuses in series on each pole, affording a very high 
degree of safety and protection. The main auxili- 
ary fuses are rarely called upon to clear a fault. 
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In order to charge the lighting battery and to 
supply current for the lights a motor-generator 
is provided. The motor takes its supply from 
the dead side of the main auxiliary fuses through 
its own double pole switch and fuses. The low 
tension system is not shown in fig. 8 but follows 
the usual type of engine generator fitted on 
internal combustion engine buses, with similar 
voltage regulation and battery cut-in and cut- 
out equipment. It should be noted that an L.T. 
switch is associated mechanically with the H.T. 
double pole switch. This prevents full bus 
lighting should the motor-generator switch not 
be switched on. 

The brake compressor motor circuits are 
similarly arranged. The compressor motor 
fuses and double pole switch, however, also feed 
and protect the H.T. control circuits. Thus, 
should the compressor motor not have been 
switched on, or should the fuses have blown due 
to failure of the compressor motor, the control 
becomes inoperative and the bus cannot be 
driven. This arrangement obviously constitutes 
a very desirable safety feature. To allow a bus 
to be moved 'in an emergency by authorised staff 
in the event, of compressor failure, a link 1s 
provided so that the compressor motor circuits 
may be isolated while the controls are energised. 
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Fig. 11.—Section of air filter of trolley bus motor. 


Both visible and audible de-wirement indica- 
tors are provided ; the visible indicator is of the 
usual neon lamp type, the circuits of which are 
provided with suitable small fuses. The audible 
indicator consists of a buzzer operated from the 
battery circuits by means of a trolley voltage 
relay energised across the control and compressor 
circuit fuses. So long as this is energised the 
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L.T. circuit to the buzzer is open, but should 
it be de-energised the circuit is made. Thus in 
the event of the supply failing, the buzzer would 
operate continuously. To avoid this the buzzer 
circuit is also de-energised when the control 
switch is off. Thus only when the bus is being 
driven is the buzzer set to indicate trolley- 
de-wirement. 

As a safeguard against the bus causing any 
interference with radio reception, a suitable 





Fig. 12.—Trolley bus motor air filter. 


condenser group is connected across the H.T. 
circuits and choke coils in the positive and 
negative control feeds. The choke coils serve 
to reduce the high frequency interference 
emanating from the control switch- 
ing and the condensers absorb 
not only small interference passing 
through the chokes but any inter- 
ference liable to be produced by 
main or auxiliary motors. 


TESTING. 

The importance of avoiding any 
electrical leakage on trolley buses 
has long been appreciated and the 
use of double insulation has been 
universal. To guard against any 
possibility of such leakage, regular 
tests are made by measuring the 
leakage to ground from the chassis 
at line voltage. In the early days 
many operators took this reading 
with the power switched on to the 
first notch and the brakes hard on. 
Such a test was quick and simple 
but quite unsatisfactory, as the 
first notch of power would only subject the 
bus wiring to an average of half line voltage and 
not the full line voltage. Secondly, if double 
insulation of many components be introduced 
as an additional safety measure it is essential that 
both sets of insulation be separately tested in 
order to maintain the additional safety. 

An improved form of test was, therefore, 
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developed, it being realised that such a test must 
inevitably take longer and might not be suitable 
for regular routine tests. It could be used at 
dock periods or on any bus that showed a small 
leakage on the simple routine tests. The scheme 
is illustrated in fig. 10. The test voltage is 
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Fig. 13.—Arrangement of blowpipe for cleaning the air 
ducts in the motor. 


supplied by a suitable megger type generator, 
power driven, but the scheme may be modified 
to use line voltage. The additional safety 
obtained by the use of double insulation is due 
to the fact that any one section of insulation may 
fail either permanently or temporarily without 
causing a complete insulation failure or dan- 
gerous leak. 

If the two parts of the double insulation are 
not tested regularly, one part that has failed may 
remain undetected and unrepaired, and should 
the other associated part fail or become leaky 
there is the possibility of complete 
bus failure. Some items of equipment 
such as the cables have a very high 
degree of insulation safety and are 
not provided with true double insula- 
tion, that is, there is no neutral screen. 
Thus, any insulation test must test 
not only the primary and secondary 
insulation separately but must test them 
both in series for the sake of the items 
not provided with double insulation. 

The following brief notes with refer- 
ence to fig. 10 will, it is hoped, make the 
nature of the test clear. To test, the 
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bus is run under a section of overhead line that 
may be made dead by the remote opening of con- 
tactors 1 and2. The opening of these contactors 
by the tester switches on the megger motor and 
connects the megger to the push button box. The 
centre and two end connections of the push but- 
tons are connected to contacts of the test plug. 
Two contacts bridge the open main contactor LP 
and provide the positive feed to the bus wiring 
when the test plug is inserted into the test 
receptacle on the bus. Similarly the middle 
connection of the push buttons is connected to 
suitable contacts so that the neutral screening of 
the double insulation is all grouped together and 
connected. The negative connection of the 
push button is connected to a contact which 
connects the test buttons to chassis. If both 
buttons be open the single insulation is tested 
for leakage including the double insulation in 
series. It should be noted that this test will not 
show up faults on the double insulation so long 
as either primary or secondary insulation is 
sound. If, however, the test buttons are pressed 
in turn the primary and secondary insulation 
will be separately tested. 


DESIGN OF MOTORS. 


The mechanical and electrical design of the 
motors is based on standard traction practice 
and long experience of the requirements of 
trolley bus service. The motors comply fully 
with British Standard No. 173 (1941). Special 
attention has been given to the electrical stability 
and to the mechanical design, ample openings 
being provided for the brushgear and commu- 
tators. The method of manufacturing the field 
coils is of particular interest. The series coils 
are wound from strip copper with impregnated 
asbestos paper between turns. The shunt coils 
are wound with double glass covered wire. The 
whole field coil, embodying both windings, is 
taped with glass-backed mica tape and then 
impregnated with synthetic resin. This allows 
the complete coil to be moulded under pressure 








Fig. 14.—Interior and exterior views of the main circuit breaker. 
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ind heat and results in a solid moisture-resisting 
anit of great electrical and mechanical strength. 


The solidity also provides increased heat con- 


ductivity with consequent better cooling. The 
motors are rubber mounted and are floodproof 
up to shaft level. This means that, in an emer- 
gency, the bus can pass through about one foot 
of water. 

The general design of the motor may be seen 
from fig. 7 which shows it mounted in the chassis 
with the air filter. Since trolley bus motors must 
be mounted close to the ground and since they 
must obviously be of a ventilated type in order 
to save weight, any form of efficient dust extrac- 
tor that can be fitted in a small space adjacent 
to the motor is a most decided advantage as it 
reduces the maintenance needed and increases 
reliability. Figs. 11 and 12 show the design and 
construction of this simple filter. Tests at the 
works and in service have proved that it prevents 
a very large amount of dirt from entering the 








Fig. 15.—Main contactor with arc chute in position. 


motor. However, it is obvious that any motor, 
no matter how well the ventilating air is filtered, 
will ultimately suffer from restricted ventilation 
due to the collection of dust. Thus, although 
the fitting of the filter greatly reduces the cleaning 
needed, an easy means of rapidly blowing out 
the motor is also provided. Fig. 13 illustrates 
this simple and efficient contrivance. If the cap 
nut A be removed a suitable air supply may be 
connected and the tube B guides the air down 
to the entrance of the armature ventilation ducts. 
The motor has then to be turned either by 
power or by hand and all the ducts will be 
cleaned. Thus by the double expedient of 
greatly reducing the amount of cleaning needed 








Fig. 16.—Main contactor with arc chute withdrawn. 


and by making such cleaning easy, trouble from 
the overheating of motors due to the accumula- 
tion of dirt is very much lessened or virtually 
eliminated. 


NOTES ON CONTROL EQUIPMENT. 

Following the description of the scheme of 
operation and of the main motor it will be 
helpful to comment upon the more important 
components of the control equipment. 

The main circuit breakers having given entirely 
satisfactory service on the earlier equipments, 
the same design, without any modification, was 
adopted for use on the post-war buses. This 
design follows normal traction practice, except 
that a wooden case combined with an extension 
arc box is provided instead of the more usual 
metal case and separate arc screens embodied in 
the bus structure. This combined design of case 
and extension arc box allows the unit to have a 
rather higher breaking capacity, but what is of 
still greater importance it allows the complete 
unit to be Works tested in the exact form in 
which it is to be used. Fig. 14 shows a single 
unit both with the cover off and the cover on. 

In the case of the main and auxiliary con- 
tactors, post-war designs were adopted as it was 
felt that the improved mechanical design would 
reduce the maintenance needed on a component 
that is called upon to perform little short of one 
million operations a year. The essential differ- 
ence is that the pre-war design is of the lever, 
or so-called clapper, type. It is, of course, well 
known that the lever type is superior mechanic- 
ally, but the design does present certain difh- 
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Fig. |7.—The master controller. 


culties electrically. However, these have now 
been overcome and a lever type as good electric- 
ally as the old plunger type has been produced, 
embodying the added mechanical advantages of 
the lever design. The arc chute has been made 
larger without taking up any useful space ; 
the contactor is, in fact, smaller than the 
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old plunger type. The shunt has 

also been moved to a rather un- 

conventional position of decided mech- 

anical advantage. The small contactors 

embody all the same features and have 

replaced the old type on the new buses. 

The design may be seen in figs. 15 and 

16 which refer to the main contactor. 

The question of using a tappet or 

butt contact type of controller was 

very carefully considered, all main- 

tenance records being closely exam- 

ined. It was finally decided that the 

drum sector and finger type (fig. 17), as 

operating on the pre-war buses, should 

be adopted as they have proved entirely 

reliable and have not required any 

undue amount of maintenance. Further, 

any reduction in maintenance that might 

result from the adoption of the butt type 

would not outweigh the benefits accruing from 

standardisation. Most of the remaining items 

of equipment are duplicates of pre-war designs 

which had, in every respect, proved their worth. 

Many of the new equipments have now been 

running for over a year, the first prototype 
having been tested in October, 1947. 





Electrically Operated Dredger in a Turkish Steelworks 


PHUULLUHLLLLLHL 
The electrical equipment for 
this Gwynnes suction cutter dred- 
ger includes motors, control gear, 
external floodlights and shore cable. 
The dredger handles 800 gallons 
of silt and water per minute 
from the sedimentation pond at 
the Karabuk Iron and Steel Works. 
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The Manufacture of Domestic 


Electric Refrigerators 


N. F. T. SAUNDERS, B.Sc., M.I.E.E., F.C.1.S., M.Inst.R. 


INTRODUCTION. 


HE requirements which 

must be met by the 

modern domestic re- 
frigerator are very severe 
indeed. It must present a 
pleasing appearance and have 
an attractive and lasting 
finish. The mechanism must 
be foolproof, silent running, 
economical in operation, and 
require no maintenance. It 
must be capable of operating 
equally satisfactorily in tem- 
perate climates or under the 
most severe tropical condi- 
tions of high temperature 
associated with high humi- 
dity or other adverse condi- 


Coldair, Ltd. 





The author. describes the con- 
struction and methods employed 
in the manufacture of the new 
G.E.C. domestic refrigerator. He 
points out the very severe require- 
ments which must be met and goes 
on to show how this 1s done by 
employing an aall-steel cabinet 
and an hermetically sealed re- 
frigerator system. The manufac- 
ture of the special motor 1s also 
described and reference 1s made 
to the extremely fine limits to 
which the compressor parts are 
machined. Attention 1s drawn 
to the vacuum technique which ts 
essential to ensure that the 
system 1s entirely free from 


insulated with glass fibres, 
and incorporating what is 
known as an_hermeticaly 
sealed refrigerator system. 
The cabinet is of all-welded 
construction so that it has 
very great strength and so 
that the exterior can be made 
airtight to prevent the ingress 
of moisture into the insula- 
tion. The insulation will not 
deteriorate and is not attacked 
by any insect. Wood is en- 
tirely eliminated, so that there 
is no deterioration from warp- 
ing, disease or the attack of 
white ants. 

The sealed system (fig. 2) 


tions. It must be extremely moisture. 


robust, so that it~ will 





comprises an evaporator (A), 
a sealed unit (B), and a con- 
denser (C), permanently con- 








survive the most appalling 

handling in transport and arrive at its destination 
undamaged and in perfect working order. It 
must be impervious to the effects of dampness, 
dirt or insects. It muSt continue to operate 
satisfactorily day and night, without fail, even 
if used in a most careless manner. For instance, 
users may place hot substances or liquids in 
the refrigerator ; they may spill all sorts of food 
and liquids in it, containing acids and other 
harmful substances, and they may even leave 
the door open altogether. The user does not 
expect to have to carry out any adjustments 
or to give the machine any attention, not even 
a periodical oiling. 

The new G.E.C. DMH51 refrigerator (fig. 1) 
represents the latest practice and is designed and 
manufactured throughout to meet the above 
requirements in a single-purpose factory specially 
designed and equipped for this sole purpose. 

The refrigerator comprises an all-steel cabinet, 


nected together. The evapo- 
rator is made from two sheets of stainless steel 
which are first formed to provide channels for 
the passage of the refrigerant and then welded 
together. The sealed unit comprises a heavy 
gauge, drawn steel dome, into which is pressed 
a combined motor and a compressor unit, the 
dome then being closed by welding. The 
condenser is made from steel tubes which are 
copper plated and forced through steel fins, 
the whole then being brazed to ensure that there 
is perfect thermal contact between all fins and 
all tubes. The three parts are connected to- 
gether by special seamless copper tubing, one 
tube taking the form of a capillary, the resistance 
of which provides the pressure difference be- 
tween the condenser and the evaporator. 

In this way no moving parts are visible and 
any moving refrigerant control, such as a float 
valve or expansion valve, is eliminated. 

After the sealed unit has been welded up, it is 
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charged with the correct amount of refrigerant 
and oil which must last it for a lifetime of 
service. No subsequent addition of either is 
possible. In service in a tropical climate, the 
refrigerator may run on the average for some- 
thing like 50 per cent of the time. That is to 











Fig. |.—The new domestic refrigerator with a food 
capacity of 5 cu. ft. 


say, about 4,500 hours per annum. The user 
expects a life of at least 10 years, but there are 
many examples of sealed unit refrigerators which 
have run successfully for upwards of twenty 
years, i.e. something like 100,000 hours. On a 
50 cycle supply, the motor operates at approxi- 
mately 1,440 r.p.m., so that in its lifetime the 
piston in the compressor may travel up and 
down the cylinder over ten thousand million 
times. It 1s doubtful whether any other form 
of mechanism in common use gives a comparable 
life. 


THE CABINET. 

The two sides and top of the cabinet shell are 
formed from a single sheet of steel. The first 
operation is to nick out certain pieces in the 
sheet and to pierce the four holes for the hinges. 
This 1s done on a special purpose tool comprising 
a number of standard presses mounted together 
on a common bedplate. The sheet is placed 
on rollers in these presses so that the movement 
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of a single lever causes them all to operate and 
pierce the sheet simultaneously. The rear edge 
of the sheet is then folded in a right angle, while 
the front edge is folded to the complicated shape 
shown in fig. 3. The process developed for 
forming these sheets is an advance on previous 
known methods.! Fig. 4 shows the tooling which 
is mounted in a large power bender. On the 
first stroke of the press, the back edge of the 
sheet is inserted in the tool at position (A) and 
is thus turned to a right angle. On the second 
stroke of the press, the front edge of the sheet is 
inserted in the tool at position (B) and is bent 
to a “Z” shape. The sheet is then passed 
through the press and inserted in position (C), 
where the “ Z ”’ is flattened to a “ U ” and turned 
to a right angle in a single stroke of the press. 
By working on both sides of the press, it is pos- 
sible to complete operations (1) and (3) in the 
same stroke. 

The wrapper sheet is then placed in a tangent 
bender and folded round into a “‘U”’ shape. 
The particular form of the front edge referred 
to and shown in fig. 3 gives it great strength 
without the necessity for any additional 
stiffening. The ‘‘ U” shaped wrapper and the 
sheet which forms the back are placed in a special 





‘Brit. Pat. App. No. 4319 48. 





li 





Fig. 2.—The sealed system showing the evaporator unit 
(A), the sealed unit comprising the compressor and 
motor (B), and the condenser (C). 
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welding machine where the back is welded in. 
This assembly then passes to an elaborate weld- 
ing jig in which the roof of the machine com- 
partment and all the support gussets for the 
interior, hinges, door lock, etc., are welded in 
position. In the next jig, the base and feet are 


n 

















(Lo 








Fig. 3.—Details of front edge fold in the sheet from which 
the cabinet is formed. 


welded on. After careful inspection and metal 
finishing, where necessary, the steel casing is 
passed on for bonderising and enamelling. 

The exterior of the cabinet is finished in a high 
bake synthetic enamel. This gives an extremely 
attractive and durable finish. The enamel is 
very hard and resistant to all but the most 
severe and deliberate damage and is very flexible. 
It also retains its colour indefinitely, even if 
subjected to direct sunlight. 

The two vertical sides and the back of the 
interior are folded from a single sheet of steel 
and the top and bottom are then welded in on a 
special jig. The interior is vitreous enamelled. 

On the assembly line the outer casing at the 
welded seams is first lined with a 
special bituminous compound which 
has a very long plastic range to en- 
sure that it is perfectly airtight. Into 
it are then placed the slabs of glass 
insulation and the wiring for the 
thermostat and the light switch, all 
of which are previously éonnected 
together in readiness. The interior 
is inserted and held in position by 
insulated screws. The space be- 
tween the interior and the exterior 
is first covered by means of insulat- 
ing strips which are in turn covered 
with very thin metal plates finished 
in a special enamel. By this and 
other means it has been possible to 
adhere to one very important prin- 
ciple, 1.e. no fixing means is visible 
on the entire front of the 
refrigerator. 

At the appropriate point on the 
assembly line, the base of the pack- 
ing case is bolted to the feet of 








cabinet is then stood upright. The door pressing 
is formed and strengthened on the edges and is 
pulled true by means of adjustable diagonal 
steel wires (fig. 5). After insulating, an inner 
panel and a rubber gasket are fixed. The form 
of this gasket and the material from which it is 
made are extremely important in order to ensure 
that the door will retain an airtight seal in use. 

The condensing unit of the sealed system is 
inserted into the lower compartment through the 
back, while, at the same time, the evaporator is 
inserted through the back into the interior (fig. 6). 
The internal cover plate over the hole, through 
which the evaporator is passed, is recessed to 
house the interior light. The back opening in 
the exterior of the cabinet and the pipelines 
coming from it are covered in such a way as to 
ensure that the back of the cabinet is as neat and 
tidy as the front. The complete refrigerator is 
run in a test room to ensure that the thermostat 
is functioning properly, that there are no rattles 
from pipelines or spring suspension and that the 
machine is, as a whole, working properly. It is 
then cleaned down and internal fitments are 
put in. 

A stout wood batten is bolted to the top of 
the back of the cabinet, the bolts passing into 
bosses which are welded integral with the back 
of the refrigerator. The sides, back and top of 
the packing case are all put together first and 
then pushed over the cabinet, which is already 
standing on its base. The sides are screwed 
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the refrigerator cabinet, and the Fig. 4.—Method of forming the edge of the sheet shown in fig. 3. 
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to the base and to the batten mentioned above. 
In this way the cabinet is rigidly located inside 
the crate, with a clearance space all round it. 
This provides the maximum of protection in 
transit with the minimum use of timber. Re- 
frigerators have been sent all over the world in 
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Fig. 5—Method of truing the door of the refrigerator. 


this crate and have arrived with remarkably little 
damage, even though, as is well known, they are 
subjected to very severe treatment in transit. 


THE EVAPORATOR. 

The tools which form the two halves of the 
evaporator are mounted together in a 750 ton 
hydraulic press. One stroke of the press forms 
both parts simultaneously (fig. 7). After form- 
ing, the two sheets are degreased and imme- 
diately spot welded together between the con- 
volutions and then seam welded round the 
edges. The edges of sheet are then folded 


inwards to cover the raw edge, the shorter edges 
are turned at right angles and then the complete 
assembly is folded to a “‘ U ” shape, as shown at 
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(A) (fig. 2). Temporary pipelines are brazed to 
the evaporator so that it can be dehydrated and 
filled with dry nitrogen before passing on to 
final assembly. 


THE CONDENSER. 


The condenser fins are placed in a jig and then 
‘““U” shaped copper plated steel tubes are 
pushed through them by means of a hydraulic 
ram. Smaller “ U ” tubes are put over the open 
ends of these longer tubes in order to complete 
the passage through the condenser. Small rings 
of copper are put round the tubes at the points 
where the joints come. The complete condenser 
is passed through a continuous controlled- 
atmosphere brazing oven which melts the copper 
and fuses all the tubes to the fins and brazes all 
the joints. 


THE UNIT SHELL. 


The unit shell (fig. 8) is drawn from solid 
steel sheet. The holes for the various bosses, 
are pierced to an accurate dimension and the 
bosses themselves are turned to close limits. 
When the bosses are pushed into the holes, 
a copper ring is put round them so that when 
the complete shell is passed through the con- 
tinuous brazing furnace, the copper melts, 
is drawn by capillary attraction into the space 
between the boss and the hole in the casing, 
thus giving a perfect brazed joint. 


THE MOTOR. 


The motor is of the split phase, squirrel cage, 
induction type. The requirements in regard to 
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Fig. 6—Mounting the sealed system in the cabinet. 
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it are rather special by comparison with ordinary 
motors. It must be extremely clean, absolutely 
free from all traces of loose foreign matter and, 
especially, free of moisture, and the materials 
from which it is constructed must not suffer 
the slightest deterioration from the action of the 
atmosphere of refrigerant gas and oil in which it 
normally runs. It must also have a very high 
efficiency, since it is totally enclosed and the 
heat due to the motor losses can only be dissi- 
pated through the unit shell and the refrigerator 
condenser. 

The laminations are stamped by means of a 
four stage combination tool from electrical steel 
supplied in rolls. It is essential that the tools 
should be kept extremely sharp so that no de- 
burring of the laminations is necessary. If the 
laminations were deburred, there would always 
be the danger that a slight amount of metal 
dust might adhere to them and thus get into the 
sealed system. Consequently, therefore, two 
tools are used alternately, the tool in use being 
removed for sharpening after it has made a 
certain number of laminations. 

The laminations are heat treated in a con- 
trolled-atmosphere furnace in order to anneal 
them and to grow on them a closely adhering 
oxide skin which acts as the lamination insula- 
tion. Any of the usual forms of lamination 
insulations would be unsuitable as they would 
either be soluble in the refrigerant or might 





Fig. 7.—Forming the stainless steel evaporator. 
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come off through the constant action of the 
refrigerant and oil. Immediately after heat 
treatment, the laminations are assembled into 
cores and passed straight into a fully air- 
conditioned winding room. 

The rotor laminations are assembled on man- 
drels and the squirrel cage is formed by alumin- 
ium pressure die casting. The hole in the centre 
of the rotor is broached and the outside turned 





Fig. 8.—Shell of the sealed unit. 


to provide the air gap. The balance of the 
finished rotor is checked. Any appreciable out 
of balance is taken to indicate imperfections in 
the casting and the rotor is rejected accordingly. 
The finished rotor is also passed into the air- 
conditioned winding shop without loss of time 
in order to avoid any possibility of rust or other 
contamination. The wire which is used for 
winding the stators is covered with polyvinyl- 
acetal. Every reel of wire is subjected to the 
tests shown in Appendix A before it is used. 
The only assumption which is made is that the 
wire on any one reel will correspond to the first 
200 or 300 ft. which are used in the above 
tests. The slot insulation is a special form of 
untreated paper which is dehydrated immediately 
before use. The winding shop, part of which 1s 
seen in fig. 9, is fully air-conditioned, the most 
important consideration being the preservation 
of an extremely low humidity, and is kept 
scrupulously clean. In this way the entry of 
dirt and moisture into the motor during manu- 
facture is kept to an absolute minimum. After 
winding, every motor is individually tested and 
the result logged and every rotor is also tested. 
The tested stators are then given a dehydration 
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and a final cleaning treatment by boiling in 
petroleum spirit, from which they pass into an 
air-conditioned assembly shop. 

The coils in the stator windings are wound in 
two groups so that the number of joints is kept 
to a minimum and these joints are made by an 
oxy-acetylene torch, so that the use of soft 
solder and any form of flux is avoided. Special 
attention is paid to the grade of covering on the 
connecting wires and to the string which holds 
the end coils into position to ensure that, on the 
one hand, they will not fray or otherwise give 
off particles which may cause trouble in the 
system and, on the other, will be quite impervious 
to the action of oil and refrigerant. 


THE COMPRESSOR UNIT. 

All parts for the compressor are manufactured 
inside the factory, using the latest types of pre- 
cision machines, many of them special purpose 
tools. The main casting comprises the cylinder 
block and motor housing (fig. 10). After rough 
boring and drilling, bores are finished in one 
setting. This operation is performed in a special 
purpose machine, the first of its kind in Europe. 
By machining all bores simultaneously, the 
highest possible degree of accuracy and relative 
alignment is ensured. The outer bearing, which 
is integral with this casting, is then fitted with 
its phosphor bronze sleeve and the inboard 
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Fig. 9.—Part of the air-conditioned winding shop. 
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bearing is temporarily bolted in position, so 
that the two bearings can be diamond bored 
in line. The cylinder is honed to its final 
dimension. The finished diameters of the bear- 
ings and cylinder bore are to + -0002 in. as 
between one piece and another, but on any one 
piece the ovality and taper must not exceed 
+ -Q00005 in. 





Fig. 10.—Main casting of compressor unit. 


Pistons, shafts and gudgeon pins are turned 
and, after heat treatment, ground and honed to 
the same limits as the above. The connecting 
rod is of solid phosphor bronze of a particular 
grade and this also is machined to the above 
limits. The surface finish on all 
moving parts is held within + 5 
micro-inches. 

The practice followed in_ the 
factory is that the machines are 
manned by skilled operators who 
gauge their own work, so that no 
appreciable number of rejects is 
expected to be found in the final 
inspection. During the final in- 
spection, the parts are graded into 
five divisions within the tolerance 

‘0002 in., oiled, and passed 
into a parts stores. Matched sets 
of parts are placed on to special 
holders (fig. 11). As _ required 
by assembly, these are degreased, 
demagnetised and passed straight 
into the air-conditioned assembly 
room. Thus all fits and clear- 
ances are correct to ‘00005 in. 
in any one compressor. In the air- 
conditioned assembly room the com- 
plete compressor is assembled with 
the motor, placed into the steel con- 
tainer and tested. After test, the 
end plate is pushed into position and 
the unit is then fed out through 
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an air lock, and the end plate is immediately 
welded in position (fig. 12). Welded units are 
tested for gas leaks in a tank of white spirit, 
using high pressure dry nitrogen. 

The units are then evacuated under high 
temperature down to ‘05 mm. of mercury. The 
vacuum technique developed is extremely 
important. It is absolutely essential that every 
trace of moisture should be removed as a 
microscopic amount may cause trouble in ser- 
vice. ‘The vacuum reached is measured elec- 
trically and the apparatus is so arranged that 
readings can be taken either close to the pump 
or close to the job. When first started up, the 
reading which is taken close to the pump 
indicates whether there are leaks either in the 
unit itself or in the connections to the pump. 
If everything is in order, the pump pulls down 
to a low vacuum within a few seconds. The 
instrument is then switched to the connec- 
tion close to the job, so that, not until this reads 
less than ‘05 mm. of mercury, is the process 
considered complete. The evacuated unit is 
then filled with dry nitrogen as it would not be 
practicable to attempt to hold the vacuum until 
it reaches the air-conditioned room in which it 
is connected to the evaporator and condenser. 


THE SEALED SYSTEM. 
The three parts of the sealed system, i.e. the 








Fig. 12.—Sealing the unit by welding. 


evaporator, the condenser and the sealed unit, 
meet each other in an air-conditioned room. 
Here they are connected together and mounted 
on a temporary angle iron framework (fig. 2). 
The suction line from the evaporator to the 
compressor is a seamless copper tube, while the 
compressed refrigerant returns to the evaporator 
through a copper capillary 
tube. This capillary tube 
provides the pressure drop 
between the compressor 


5 are and the evaporator. Since 

who this capillary is about 9 ft. 
at no long and has a bore of only 
ts 1S ‘03 in., it is clear that only 

final a small amount of foreign 
ul in- matter would be needed to 
d into clog it. If the system 
erance contains any appreciable 
passed amount of water, this water 
d sets tends to separate out into a 
special single drop and go up the 
quired capillary tube. The drop 
reased, freezes at the end of the 
traight tube and blocks the pipe 
sembly until, owing to the stoppage 

clear- of the refrigerating action, 
05 in. the evaporator thaws out 
he air- and this drop of moisture 
€ com- melts. The result is that 
d with the refrigerator system op- 
‘el con- erates intermittently. It 
st, the has already been pointed 
ion and out, however, that in the 
through Fig. |11.—Matched sets of parts for selective assembly. manufacture of a sealed 
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system it is absolutely essential to exclude all 
traces of dirt and moisture and, if this is done, 
not only is any trouble from the capillary tube 
avoided, but all the other troubles which can be 
caused by moisture in a refrigerator system are 
also automatically eliminated. The capillary tube 
is much more reliable and satisfactory than a float 
valve, which involves moving parts, or an expan- 
sion valve and, of course, is also much cheaper. 
The capillary tube and the suction tube are sol- 
dered together throughout their length to provide 
a heat exchange between them. This improves the 
efficiency of the system, but it also prevents any 
possibility of the suction line becoming very cold, 
in which case there would be a danger of con- 
densation from the ambient air and the conden- 
sate would run down the pipe and drip on to the 
floor under the refrigerator. The soldering of 
these two tubes together is done by stretching 
them between two clamps, together with a wire 
of solder. An electric current is then passed 
through them sufficient to raise their temperature 
to the melting point of solder. 

The pipe joints in the sealed system are 
brazed. No screwed connections are used. 
Thus the system is permanently closed in the 
factory and it is not intended that anyone outside 
the factory should ever open it. Consequently, 
should a system cease to function for any reason, 
it is necessary to remove it from the cabinet and 
replace it entirely. The faulty system must be 
returned to the factory for repair. This 1s 
obviously an expensive matter to contemplate 
and, therefore, to be successful, a manufacturer 
of sealed systems must exercise such care in 
manufacture that the number of failures in the 
field will be infinitesimal. 

For replacement purposes, spare systems are 
sent out of the factory on the angle iron frame- 
work shown in fig. 2. When the service en- 
gineer uses the replacement system, he puts the 
defective system on to the framework in order 
to return it to the factory. 


APPENDIX A 
TESTS ON ENAMELLED WIRE BEFORE USE. 


Test 1: ADHERENCE OF ENAMEL. 
Eight close turns of enamelled wire, wound 
with sufficient tension to give a close winding 
round the wire itself. 
Failure : Visible cracks in the enamel when 
magnified. 


Test 2: FLEXIBILITY. 
10 ins. of wire slowly elongated to 12 ins. 
and then eight turns closely wound on a 
mandrel three times the diameter of the wire. 
Failure : Visible cracks in the enamel when 
magnified. 
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Test 3: FLEXIBILITY. 
10 ins. of enamelled wire elongated to break- 
ing point by a sudden jerk. 
Failure : Visible cracks in the enamel when 

magnified. 

Test 4: PINHOLE (MERCURY) TEST. 
100 ft. of enamelled wire is drawn through a 
mercury bath subjected to a voltage of 110 
A.C. through a lamp. 
Failure : More than five faults in 100 ft. 


Test 5: SULPHURIC ACID TEST. 

6 ft. of wire wound on a mandrel | in. dia- 

meter in close turns and tied to prevent 

flexing of the winding. This coil is immersed 

in a 0-2 per cent sulphuric acid solution and 

tested at 75 volts D.C 

Failure : Permanent deflection of more than 
15 mA on the 100 milliampere meter. 


Test 6: AGEING. 

Three pieces of enamelled wire, each approxi- 
mately 10 ins. long, unstretched and unbent, 
placed on a tray in an oven at 125 degs. C. 
for 200 hours. The samples are then wound 
on a mandrel three times the diameter of the 
wire. 

Failure : Cracks or peeling off of the enamel. 


Test 7: COLD SCRAPE TEST. 

A length of wire is drawn under a piano wire, 
the load on which is adjustable. An electrical 
circuit is connected to a 10 volt battery 
through a lamp which lights when the 
enamel is scraped off by the piano wire. 
The load on the wire is increased until the 
enamel is being scraped off and this load 
must be above a stipulated figure. 


HOT SCRAPE TEST. 

The apparatus used above is completely en- 
closed and heated together with the wire to 
104 degs. C. At this temperature the scrape 
test is repeated. 


Test 9: SOLUBILITY. 

Five samples of wire each approximately 
12 ins. } 1g are loosely coiled and after 10 
minutes in an oven at 150 degs. C. are placed 
in five test tubes. The test tubes are filled 
with the following : 

1. Petrol ether. 

2. Toluol. 

3. Absolute alcohol. 

4. 5 per cent sulphuric acid. 

5. 1 per cent potassium hydroxide. 
The test tubes are covered with waxed paper 
and closed for 24 hours. After this period 
the wires are put through the scrape test. 
Test 10: HIGH VOLTAGE TEST. 

Four samples are taken at 4 ft. intervals. Two 
pieces of enamelled wire 10 ins. long are 
twisted together for a distance of approxi- 
mately 5 ins. The tension on the wires and 
the number of twists is stipulated. 1,900 volts 
A.C. is then applied between the two wires. 
Test Il: 

The covering on a piece of enamelled wire is 
dissolved in methanol. The methanol is 
then distilled off and any residue which may 
remain is measured. This residue would 
indicate impurities in the enamel and, if i 
exceeds an extremely small percentage, th« 
wire is rejected. 


Test 8: 
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TELEVISION RECEIVERS. 


HE BT 1091 Table Television 
receiver, recently intro- 
duced as part of the G.E.C. 

1949-50 programme, is a moder- 
ately priced set providing recep- 
tion of television sight and sound. 

it is housed in a brown and cream 
moulded cabinet and incorporates 

a 9 in. flat-ended tube giving a 
picture 7} ins. by 6 ins. For 
normal operation only three con- 
trois — for brightness, focus and 
sound volume (with on/off 
switch)—are needed. Models are 
available for use on either the London 
or Birmingham frequencies. 








BT 1091.—Table Television Receiver. 

A console version, the BT 1093, 
will be available in mid-August. The 
base of its cabinet, which is of polished 





BT 1093. 


Console Television 
Receiver. 


walnut, is in the form of two book- 
shelves ; space which would other- 
wise be wasted is thus made to serve 
1 useful purpose. 


ELECTRIC COOKING PLATE. 


The D 5723 electric cooking plate 
s one of the latest additions to the 
‘ange of G.E.C. domestic appliances. 
-mbodying a totally enclosed 8 in. 
oiling plate of the type fitted to 


NEW PRODUCTS 











This issue of the G.E.C. Journal 
introduces a ‘‘New Products *’ 
section which will from now on 
appear as a regular feature in 
each issue. It will review briefly 
a selection of new lines introduced 
by the Company during the pre- 
vious three months. 





at a controlled rate of flow is fed 
to the heated block: within ten 


minutes the load of utensils 
reaches the sterilising tempera- 
ture of 210 degs. F., and after 
sterilisation is complete the flow 
of water automatically stops. 
Steam outlets supplying steam at a 
controlled temperature are also 
provided for sterilisation of churns 





| and milking clusters. 


Models in the current range of 





all G.E.C. cookers, it accommodates 
several vessels and can boil 3 pints of 
water in about 94 minutes. By means 





it 


of a combined switch and regulator 
any degree of heat from simmering to 
high can be obtained. Loading is 
1,800 watts. 


STORAGE BLOCK TYPE DAIRY 
STERILISING CHEST. 


This new model (HO 5072) has 
been added to the range of G.E.C. 
sterilising chests primarily for the 
benefit of farmers whose premises 
cannot accommodate equipment con- 
suming large amounts of power. It 
incorporates a heat storage block 
which has a loading of only | kW 
and can therefore work off a 5 amp. 
circuit. 

Before each operation (either one 
or two a day) the chest is automatic- 
ally switched on for an adjustable 
preheating period by means of a 
1S-day time switch ; the required 
amount of heat is thereby stored in 
the iron storage block. The utensils 
are loaded into the cabinet and a 
predetermined quantity of water 





directly heated sterilising chests 
have been redesigned with re- 
sulting increases in efficiency of 
over 30 per cent and have a water 
feed designed to counteract furring. 


AIR CIRCULATION OVEN 
FOR AIRCRAFT. 


The HE 34888 Air Circulation 
Oven is a smaller version of the 
standard 24-meal oven, which was 
described and illustrated in the 
January, 1949, issue of the G.E.C. 
Journal (pp. 49-50), and is basically 
similar to it in construction. It 
has been designed for ‘‘ short 
haul" aircraft to supply eight 
2-course meals in 39 minutes by 
the reheating of frozen pre-cooked 
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food, but it can also be used in con- 
junction with the 24-meal model to 
cater for 32 passengers. It weighs 
50 Ibs. and has a loading of 1,716 
watts, of which the element takes 
1.500 watts and the air circulation 
fan motor 216 watts. 


FOUR-LAMP VERTICAL 
LANTERN. 


This lantern (Z 8441) has been de- 
signed for lighting side streets at 
13 ft.-15 ft. mounting height and a 
spacing of 80 fr.-100 ft. It is also well 
suited to lighting decorative gardens, 
promenades and balustrades. 

The unit is of simple construction: 
an opal ** Perspex "’ cylinder, provid- 
ing a diffuse symmetrical light distri- 
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bution, is secured top and bottom by 
end plates of non-ferrous metal 
finished in glossy aluminium or gold. 
Down the centre runs a tube of | in. 
gas barrel, to which the end plates 
are attached, and 
round it four 
Osram 20 watt 
or 40 watt 2 ft. 
fluorescentlamps 
are accommo- 
dated. 

Adequate but 
weatherproof 
ventilation is 
provided by 
means of a series 
of holes in the 
upper and lower 
end plates, those 
in the upper 
plate being care- 
fully shielded. 
Auxiliary gear is 
housed in the base of the column. 





PHOTOELECTRIC RACE 
TIMING EQUIPMENT. 


Greatly increased accuracy in the 
timing of greyhound races is offered 
by this new photoelectric race timing 
equipment, which has been developed 
by the G.E.C. in co-operation with the 
electrical staff of Hackney Wick 
Stadium, London, where the proto- 
type was tested and approved. 

The electrically controlled stop- 
watch hitherto used in photoelectric 
systems has been replaced in this 
apparatus by a 6 in. diameter clock 
(made by Messrs. Thomas Mercer, of 





St. Albans), which indicates to | 100 
second. It is clutch operated from a 
synchronous motor and therefore 
escapes the mechanical impact suf- 
fered by an electrically controlled 
stop-watch when it is started and 
stopped. Power is drawn from the 


mains through a frequency control 
unit (made by Muirhead & Co. Ltd., 
of Beckenham) ; 


this unit centres 
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round a valve-maintained tuning fork 
which is temperature controlled and 
guaranteed to give the correct fre- 
quency within a high degree of 
accuracy. 

The equipment is fully automatic 
and largely independent of human 
error. The photoelectric clock stop- 
ping circuit is timed to come into 
operation after the dogs have passed 
the winning post on their first time 
round; in other systems it is the time- 
keeper's job to set it at the ready. 


24 IN. CIRCULATOR FAN. 


Though produced primarily for 
overseas markets, where circulator 
fans are widely used, this new model 
is also available to the home market. 
It is particularly suitable for use in 
hotels, restaurants, dance halls, holi- 
day camps, large stores, etc., where 
ceiling fans may be impracticable. 





Readily adjustable to heights be- 
tween 4 ft. 6 in., and 7 ft. 6 in., the 
fan has a 24 in. propeller with four 
broad surfaced resiliently mounted 
blades, giving an air displacement of 
10,000 cu. ft. at 920 r.p.m. The motor 
is of the capacitor start and run type, 
totally enclosed and very quiet in 
operation. A choke-type speed regu- 
lator, giving four running speeds and 
an ‘‘ off’’ position, is incorporated 
in the streamlined motor body. 

The fan is available for A.C. single 
phase (40, 50 or 60 c's) only, on the 
standard voltage ranges—1!00/110, 
200 210, 222 240 and 250 volts. 


TWO-LAMP HORIZONTAL 
LANTERN. 


The Z824I lantern, which takes 
two 2 ft. 40 watt fluorescent lamps 
burning horizontally, is primarily 
intended for side street lighting; for 
this purpose a spacing of about 100 ft. 
and a |S ft. mounting height would 
be adopted. Mounted higher (its 
light distribution will allow a mount- 
ing height of up to 25 ft.) and with 
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shorter spacing it may be used for 
lighting narrow thoroughfares carry- 
ing main road traffic. 

The lantern body consists of two 
light alloy cast ends, between which 
runs a skeleton casting holding the 
two reflectors and starters. The 
reflectors are of 99-99 per cent super- 
purity aluminium, anodised and 
electrically brightened. A half cylin- 
der of clear ‘‘ Perspex *’ encloses the 
lantern below. 





The whole unit, which is dustproof 
and weatherproof, is spigot mounted 
at one end. The auxiliary gear is 
housed at the base of the column. 


SODIUM APPROACH LIGHT 


This light (ZA 407) has been spe- 
cially designed for airport approach- 
way lighting, and in particular for the 
‘‘Horizon Bar ’’ system devised by 
Mr. E. S. Calvert, of R.A.E. Farn- 
borough, the main function of which 
is to provide an artificial horizon for 
pilots coming in to land in bad 
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weather. This system employs bars 
of sodium lights placed at right 
angles to the central line of high- 
intensity approach lights at intervals 
of five hundred feet. 

The light source is a 140 watt 
sodium lamp, which is housed in a 
cast alloy fitting with ‘* Perspex ’’ 
panels at the front and sides ; the 
reflector is of anodised aluminium. 
The light is fitted with pole clamps 
which can be adjusted to fit poles of 
various diameters, and the rear clamp- 
ing piece carries a cast-iron box 
containing the transformer, power 
factor correction condenser, fuses 
and terminal block. 
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TECHNICAL LITERATURE 


A DIGEST OF RECENT BOOKS, ARTICLES AND PAPERS, BY MEMBERS 
OF THE G.E.C. AND ITS ASSOCIATED COMPANIES. 


VALVE NOISE AND TRANSIT 
T ME (376).* 

B. N.R. Campbell, V. J. Francis and E. G. 
Ja nes (Research Staff of the M.O. Vaive 
Cc: . Led., at The General Electric Com- 
pz vy’s Research Laboratories). 


W reless Engineer, Vol. XXV, p. 148, May, 1948. 
The treatment of noise, developed 
in several recent papers by the 
authors, is applied to valve noise 
when the transit time of the elec- 
trons is important. 


SOME VISIBILITY PROBLEMS 
ASSOCIATED WITH ANTI- 
AIRCRAFT SEARCHLIGHT 
BEAMS (379).* 

By S. S. Beggs and J. M. Waldram (Re- 
search Laboratories). 

A: > Symposium on Searchlights, held April | 5th, 
1947. 


Three visual problems associated 
with the anti-aircraft searchlight are 
examined: the conditions in which 
a target in the beam can be seen 
from a position on the ground 
adjacent to the light, the ranges at 
which such a target can be seen 
from a fighter aircraft at about the 
same altitude as the target, and 
the ranges at which the beam itself 
can be seen from the air in various 
conditions and orientations. The 
investigations are made mathe- 
matically, based upon data of the 
photometric properties of the 
atmosphere, of the visibility of small 
objects and on the photometry of 
searchlights. 


PHOTOMETRY OF SEARCH- 
LIGHTS (380).* ; 
By H. K. Cameron, E. H. Rayner, E. R. 


Thomas and G. T. Winch (Research 
Laboratories). 


1.E.S. Symposium on Searchlights, held April | 5th, 
1947 


The work described in this paper 
formed part of a development pro- 
gramme on light sources. A 
description is given of new methods 
and apparatus which have been 
devised in order tw facilitate the 
measurement, appraisal and corre- 
lation of sources, optical systems 
and beam performances of search- 
lights. Details are given of ap- 
paratus and methods for the rapid 
measurement of candle-power, 
source brightness, distribution and 
mirror characteristics. 


HIGH POWERED SEARCH- 
LIGHTS CAPABLE OF WIDE 
DIVERGENCE (381).* 

By Air-Commodore W. Helmore 
(M.A.P.), H. K. Cameron, F.S. Hawkins, 
L. B. W. Jolley and L. M. King-Brewster 
(Research Laboratories). 


pe Symposium on Searchlights, held April | 5th, 

1947. 
The development of a searchlight 
carried by a fast fighter aircraft and 
used for illuminating enemy bomb- 
ers is described. Details are given 
of the effect of reduction of atmo- 
spheric pressure, such as would be 
expected at altitude, on the char- 
acter and light output of the arcs 
employed. 
The development of a ground 
searchlight of high power is also 
covered. 


THE CONTROL AND ELIMI- 
NATION OF _ ELECTRICAL 
(DAUPHINE) TWINNING IN 
QUARTZ (384).* 

By W. A. Wooster, Nora Wooster 
(Brooklyn Crystallographic Laboratory, 


Cambridge), J. L. Rycroft, and L. A 
Thomas (Research Laboratories). 


Jour.1.E.E., Vol. 94, Part IIIA, No. 16, 1947. 
Quartz used for telecommunication 
purposes must be of the highest 
crystalline quality and a consider- 
able proportion of raw material is 
rejected on account of electrical 
twinning. The wartime need for 
economy of quartz led to an inves- 
tigation of means of removing this 
defect and this paper surveys the 
experimental methods used _ in 
exploring the possibilities of un- 
twinning quartz. 


RADIATION FROM SHORT 

AERIALS (385).* 

By R. G. Medhurst (Research Labora- 

tories). 

Wireless Engineer, Vol. XXV, p. 260, August, 

1948. 
By the use of a theorem based on 
what is believed to be a new tri- 
gonometrical approximation, it is 
shown how the radiation patterns 
from linear radiators shorter than 
a half-wavelength may be combined, 
the radiators being spaced in any 
manner and carrying currents hav- 
ing arbitrary phase differences. 
Examples of the application of the 
method are given. 


PHOSPHORS FOR FLUORES- 
CENT DISCHARGE LAMPS 
(388).* 

By A. H. McKeag and P. W. Ranby (Re- 

search Laboratories). 

Industrial Chemist, August-September, | 947. 
The development of those photo- 
luminescent compounds which can 
be used in discharge lamps, and 
particularly those which have led 
to the recent advances in this form 
of lighting, are described. 


THE ANALYSIS OF NICKEL— 

— COBALT — IRON ALLOYS 

USED IN GLASS-TO-METAL 

SEALS (391).* 

By R. C. Chirnside, H. J. Cluley and P. M. 

C. Proffitt (Research Laboratories). 

The Analyst, August, 1947, Vol. 72, No. 857, 

p. 35/. 
A new type of alloys containing 
nickel, iron and cobalt as main 
constituents has been developed 
for use in glass-to-metal seals in 
many modern thermionic devices 
where the use of ‘* soft "’ glasses is 
permissible. The analytical prob- 
lem involved in the setting up of 
some specification of chemical 
composition for these alloys is 
described. 


AN ANALYSIS OF THE LIGHT 
DISTRIBUTION OF STREET 
LANTERNS (392).* 
ByJ.M.Waldram (Research Laboratories). 
Trans., 1.E.S., Vol. Xil, No. 8, 1947. 
A method of analysing the perform- 
ance of street lanterns as recorded 
on the isocandle diagram which is 
particularly difficult to interpret 
without assistance is recorded. It 
deals mainly with unrestricted 
distributions and staggered ar- 
rangements for traffic routes, but 
can be applied more widely. 


MICRO - ANALYSIS USING 

X-RAY DIFFRACTION TECH- 

NIQUE (394).* 

By H.P.Rooksby (Research Laboratories). 

The Analyst, Vol. 73, No. 867, june, 1948 
The possible application of X-ray 
methods to analysis in which only a 
small sample is available or where 
minute quantities of one constitu- 
ent are present in another are 
discussed and some examples given. 


*A limited number of reprints is available; copies may be obtained on application 


to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C.2. 
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HIGH ANGLE X-RAY DIF- 
FRACTION AT ELEVATED 
TEMPERATURES (395).* 

By E. G. Steward (Research Laboratories). 
Vol. 25, No. 9, September, 1948. 
By means of the electric furnace 
described, the ‘* back-reflection ° 
method of X-ray diffraction may be 
used at temperatures up to about 
900 degs. C. for single crystals and 
poly-crystalline specimens. Con- 
structional and operations details 
are given and the attainment of 
higher temperatures discussed. 
Temperature measured by a ther- 
mocouple may be maintained to 
within 2 degs. C 


Jour. Sci. Insts., 


HIGH - VOLTAGE FLUORES- 
CENT TUBES (398).* 


By H. G. Jenkins and J. N. Bowtell (Re- 
search Laboratories). 


Trans. |.E.S., Vol. Xill, No. 4, 1948. 
Attention is drawn to some of the 
special characteristics of high-volt- 
age fluorescent tubes with special 
reference to the cold cathode type 
now available. The various types 
of cathodes used in high-voltage 
fluorescent tubes are discussed, 
together with the more important 
luminescent materials in common 
use for these tubes. The advan- 
tages of neon fluorescent tubes 
over mercury-filled fluorescent 
tubes for producing very warm 
light are outlined. Reference is 
made to the special features of 
high-voltage, hot-cathode, fluor- 
escent tubes. 


POWER SUPPLIES FOR 
MOTION PICTURE STUDIOS 
(406).* 
By F.S. Hawkins (Research Laboratories). 
British Kinematography, September, |948 
All three light sources, used in film 
studios, namely tungsten filament, 
carbon arc and H.P.M.V. lamps have 
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a light output which varies con- 
siderably with the voltage applied, 
and there is a large fall in light out- 
put and efficiency for a compara- 
tively small change in line voltage. 
The carbon arc will act asa loud- 
speaker and reproduce rapid varia- 
tions in voltage as an audible note. 
Quite a small ripple in the voltage 
of the supply will cause the arcs to 
emit more noise than is desirable, 
and it is shown that quietness of 
arc operation can only be obtained 
by limiting the ripple voltage to a 
few millivolts. 


UNDIRECTIONAL LIGHTING 
OF DOUBLE CARRIAGEWAY 
AND ONE-WAY ROADS (407).* 


By J. S. Smyth (Research Laboratories). 

Paper read at the A.P.L.E. Summer Conference, 

1948 
Undirectional lighting is a new 
approach to the problem of light- 
ing double carriageway roads. The 
light output per 100 ft. of road is 
some 2,000 lumens with 125 watt 
H.P.M.V. lamps spaced 150 ft. 
apart, yet the road brightness can 
be as high as that normally obtained 
with an output of 8,000 lumens. 
Revealing power is enhanced by a 
reduction in the brightness of light- 
coloured objects. 


ELECTRICAL EQUIPMENT OF 
A MODERN LINER. 


By C. P. Harrison (Marine Department). 
A paper read before the Association of Supervising 
Electrical Engineers, March /8th, 1947, and re- 
printed in ** The Electrical Supervisor,’’ April, 
1947 
Special conditions on board ship 
govern the design and construction 
of electrical equipment which in 
some cases make it essentially 
different from normal commercial 
and domestic apparatus. Typical 
examples are given of the features 
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embodied in the design to over- 
come such conditions. There fuol- 
lows a description of some of tre 
very interesting electrical machin- 
ery and accessories commonly met 
with in cargo boats and passenger 
liners, together with some corm- 
ments on the use of A.C. 


WINDING ENGINE CALCULA. 

TIONS FOR THE MINING EN. 

GINEER. 

By A. B. Price, (Fraser & Chalmers 

Engineering Works). 
A small but comprehensive refer- 
ence book designed to assist en- 
gineers when considering new pro- 
jects or the improvement of exist- 
ing equipment. All the well-known 
types of winders are dealt with and 
the necessary calculations fully 
worked out. The book is very well 
illustrated and a number of useful 
tables are given, also a specimen 
enquiry form covering all the 
information needed from a prospec- 
tive client to enable a suitable type 
of winder to be chosen and de- 
signed. 


THE CO-ORDINATION OF RE- 
SEARCH AND PRODUCTION. 


By W.G. Thompson, (Mercury Arc Recti- 

fier Works, Witton, Birmingham). 

Proc. 1.E.E., Vol. 96, Part I, p. 21, Jan. 1949. 
This article embodies the substance 
of the Chairman’s address given by 
the author to the South Midlands 
Centre of the Institution of Elec- 
trical Engineers. It discusses the 
significance of pure and applied 
research in academic and industrial 
establishments. The functions ofan 
industrial research laboratory are 
outlined in relation to production, 
and various types of research 
organisations are also discussed. 


*A limited number of reprints is available; copies may be obtained on application 
to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C.2. 
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